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A.F.A. Foundation Lecture—1944 


Cupola Raw Materials 


By H. W. Gmttetr*, CoLumsus, OxIo 


N last year’s lecture, John Bolton reviewed the growth of knowledge and the 
| increase in its application throughout the whole foundry industrv. He was 
able to do quite a lot of “pointing with pride.” 

He listed, in the chain of factors in “maintenance and improvement of the 
industry,” as subdivision “a,” “the raw materials used directly and indirectly.” 
Without either “pointing with pride,” or “viewing with alarm,” let us consider, 
as today’s topic, where the industry stands in respect to knowledge of cupola 
raw materials, confining the considerations to those for cast iron and cupola 
malleable, since the Barrett cupola problem, though equally interesting, does 
not confront many foundrymen. 


Compares CupoLa WITH OTHER MELTING FURNACES 


The cupola is differentiated from other foundry melting media by the small 
size of its individual charges and taps. Other furnaces that use large charges 
can mix different lots of raw materials and secure much dilution of impurities 
that happen to be present in some piece of scrap. With the cupoia, this is 
postponed. Effective mixing can be done only after the metal is tapped. Fore- 
hearths mitigate this difficulty only to a limited extent. In contrast, a big heat 
of steel can be held for analysis and final adjustment of composition. Copper- 
base and aluminum-base alloys regularly utilize scrap in the shape of secondary 
ingot, the composition of which has been preadjusted. Cast iron will not stand 
the cost of premelting and preadjustment. 

Another differentiation from other melting methods is the intimate contact 
of coke and metal. Again, slag is employed in the cupola as a means of dis- 
posing of coke ash and of sand adhering to gates, rather than for its protecting 
and purifying influences on the metal, as in the case of steel. 

For these reasons, uniformity of the cupola product properly would require 
more uniformity in raw materials than is the case with many other foundry 
products. However, most cupolas do struggle along against distressingly non- 
uniform raw materials, and the effects of variations in raw materials do tend 
to carry through to the finished product—the product shows “heredity.” 


Herepity Fapes in STEEL MANUFACTURE 


Little is heard about the heredity of pig or scrap in steel manufacture 
these days, in contrast to earlier days when “body” of steel was discussed. 
Body was the term applied to those individual peculiarities of a heat of steel 


*Technical Advisor, Battelle Memorial Institute. 
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which gave it desirable hardenability, grain size, etc. These qualities were 
duplicated in successive heats by sticking to the same raw materials and the 
same melting practice. The Swedes found this out and capitalized on the 
quality and uniformity thus obtained. However, as the effect of grain size 
became appreciated, and use of aluminum, titanium, zirconium, etc., addi- 
tions after proper oxidation of the batch to control it was developed, grain size 
effects ceased to be hereditary or mysterious, for they came under control by 
adjusting details of handling and finishing the heat. The differences in raw 
material became less apparent and were practically swamped out. The influ- 
ence of the sulphur content on the necessary aluminum, titanium, or zircon- 
ium additions came out a bit later, especially in regard to cast steel. This 
wiped away a good deal of the remaining mystery. 


SMALL AMOUNTS OF ELEMENTS INFLUENCE PROPERTIES 


As interest increased in hardenability, differences appeared between heats of 
ostensibly the same chemical composition, i.e., within the specification range, 
but as methods for hardenability testing became more simple and workable, 
attention was given to the effects of residual alloying elements in scrap. This 
made results fall still more nearly into line with expectations. On this was 
built the practical utilization of the residual in the NE. steels. Finally, the 
remarkable effect upon hardenability of a few thousandths of a per cent of 
boron came to light. As a result, hardenability is rapidly coming under control, 
and the mysteries of “body” are far less mysterious. It is true that in notched- 
bar impact behavior at low temperature, different heats of steel may still 
behave in their own individual fashions, yet the broad relation between the 
methods of working and finishing the heat and the low temperature impact is 
obvious. Control of those details makes the heredity of the raw materials take 
a back seat. Erratic behavior in respect to weldability of different heats is 
slowly becoming related to the true, complete composition. 


That is, in steel, the erstwhile mysterious behaviors have been, or clearly 
will soon be, thoroughly explainable and under control, on the basis of the 
presence or absence of very small amounts of alloying elements whose effect 
was previously disregarded, or of non-metallic particles, often in submicroscopic 
form, but whose presence or absence can be doped out by full knowledge of 
the chemistry, down to the thousandths of a per cent. 


The basic reason why this understanding and control has grown up in the 
case of steel is that in steel melting the batch is oxidized to a degree that 
insures elimination of oxidizable elements down to a certain, quite repro- 
ducible level, and in this process, pre-existing non-metallics are pretty much 
agglomerated and removed so that variations in pig and scrap are leveled out, 
save for non-oxidizable elements like copper, nickel and molybdenum, and the 
effect of these is predictable from their amount, ascertainable by ordinary 
chemical methods 
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HEREDITY IN Cast IRON 


In contrast to this oxidizing, wiping-out operation in steel, the cupola has 
no comparable opportunity to bring differing melts to a steady level. Melting 
at a high temperature and in the presence of slag may lead to agglomeration 
and absorption into slag of pre-existent nonmetallic particles, probably giving 
some degreee of leveling, but in insufficient degree. 

If in addition, a dose of silicon or of complex alloys containing silicon is 
put into the ladle, as is generally done when making high test gray iron, some 
of the variability that would otherwise be met is swamped out. One might 
guess that this has for its mechanism the partial removal of pre-existent non- 
metallics by getting the metal hot, and the introduction, by use of the late 
addition of a more or less controlled amount and type of nonmetallics, essen- 
tially silicates. 

This is not so feasible, or at least not so often applied, in the case of cupola 
or cupola-duplexed malleable. Anyhow, malleable seems to show a much 
greater degree of heredity than does gray iron. 

There would seem to be opportunity for study of the conditioning of the bath 
for final additions, and of the possibility of wiping up the nonmetallics through 
the use of slags. The Perrin process of mixing steel and slag and the Yocom 


process for dephosphorization of steel give hints that something along similar 
lines might be fruitful for the products of the cupola. 

Cupola products do show considerable non-uniformity, some of which results 
from known and understandable causes affecting composition as to elements 
normally analyzed for, but some of which arises from causes less well under- 
stood and not yet subject to adequate control. 


VARIATIONS IN BEHAVIOR OF CuPpoLA MELTED CAst IRON 


If one heat is melted to the same temperature as another and both melts 
truly have the same composition in every way, they ought to act alike. The 
writer will personally go further, and say that they will act alike. However, 
different heats of cast iron whose analyses are identical, as far as our analytical 
methods reveal, show differences in chilling tendencies, amount of combined 
carbon, graphite size and distribution, presence of free ferrite, response to 
superheating, and in resultant strength, wear resistance and machinability. If 
some of the silicon is reserved for a late addition, the behavior differs from 
the case where it is all in the melt. Different means of providing the late silicon 
addition produce different results. The effect of the late addition tends to 
“wear off” with lapse of time between the addition to the melt and the freezing 
of the metal. 

Different charges and different methods of melting produce different results. 
A.F.A. Transactions for the past few years are replete with examples, so many 
that it will not be necessary to cite the literature. It will be recalled that the 
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mixing of two cupola melts, one high- and one low-carbon, gives different 


results from a single melt of the composition of the blended iron; that an all-pig 
melt is more open and weaker than one with 20 per cent steel, though the final 
analysis is the same; that in duplexing malleable, the iron mottles if the doors 
of the electric holding furnace are closed; that pig from one particular high’ 
phosphorous ore is said to behave in a fashion not explainable by composition 
and so on. Despite all the observed facts, the reasons for this much-discussed 
“heredity” of pig iron—differences that persist after remelting and affect the 
type and distribution of graphite in the cast iron—remain obscure. 

Read any one article and it will be found that the author has a hypothesis 
to fit some of the facts, but in discussion, someone is sure to bring up equally 
well-established facts that do not fit that hypothesis. 


THE GRAPHITE NuCLEI THEORY 


From the fact that a trace of graphite, added to the cooling metal just before 
it freezes, inoculates the metal so that the deposition of primary graphite is 
hastened and chill depth reduced, Massari and Lindsay concluded, in 1941, 
that Piwowarsky’s hypothesis of undissolved graphite nuclei is still tenable 
though Piwowarsky himself and Norbury, once an adherent of the hypothesis, 
have both recanted on the basis of later experimental evidence. Bolton makes 
pertinent comment in discussion of Massari and Lindsay’s paper on the 
unproven assumption that the finding of graphite in the chilled shot necessarily 
represents existence of graphite in the melt. That extremely tiny graphite 
particles torn off from a solid chunk of graphite electrode remain undissolved 
while the chunk itself is dissolving seems a bit fantastic. 

Eash, whose appraisal is concurred in by Flinn and Reese, gets around this 
in another way, concluding that late silicon additions produce localized silicon 
concentrations high enough to cause kish separation and that these graphite 
particles then inoculate. It is regrettable that Eash did not try stirring during 
inoculation to remove the alleged concentration and see what happened then. 
Discussers of this paper found it hard to believe that silicon concentration can 
exist to the degree postulated, or to explain, on that basis, why calcium-silicon 
and other complex addition agents are more potent than ferro-silicon. Eash 
hedges by saying “The nuclei could be graphite and perhaps other inclusions 
that separated from the melt at the proper time.” 

The fading of inoculation effects, ascribed by Eash and others to slow solu- 
tion of graphite nuclei, raises the question how a pig iron can supply graphite 
nuclei so resistant to solution at high melting temperature that the pig can 
show heredity. If kish is the answer, then the heredity of any pig should be 
destroyed by a sufficiently high melting temperature. Inoculation seems to 
affect primary graphite only. 

The heredity that results in finely divided graphite resulting from decompo- 
sition of carbide seems to be related to an absence of inoculating effect, i.e., to 
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supercooling that prevents separation of primary graphite, and whose graphite 
all results from decomposition of cementite. The British investigators, Norbury 
and Morgan, relate such hereditary behavior to the inclusions being plastic as 
the metal freezes, and offer interesting experimental evidence by addition of 
titanium, bubbling of CO, to oxidize titanium, or of hydrogen to reduce the 
titanium oxide and destroy the postulated fluxing action which that oxide 
might have on other silicates and oxides. 


SMALL AMOUNTS OF ELEMENTS AFFECT Cast IRON BEHAVIOR 


However, in metallographic studies on this point, Morrough finds titanium 
present only as carbide, cyanonitride and in complex sulphides, and states that 
oxides and silicates are virtually nonexistent in cast iron from the metallo- 
graphic point of view. If they are present, they are submicroscopic and not 
resolved, he says. Yet in this country, we have Schuh reporting silica and 
alumina associated with kish freed from hypereutectic irons, and also in the 
metal itself, and Ziegler remarking that nonmetallic inclusions are found, not 
only with graphite flakes in gray iron, but along with temper carbon in malle- 
able. Moreover, vacuum fusion analyses indicate that a little oxygen, even 
though it seems to be very little, may be present in cast iron. That the amount 
would be low is expected from the high carbon. But experience with boron in 
steel tells us that percentages do not always have to be high for a constituent 
to exert an effect. If there is any oxygen present at all, it must be combined 
with something, and it is logical to expect it to be combined with elements, 
more readily oxidizable than iron, and probably to exist as silicates. 

Von Keil’s assumption of a submicroscopic silicate slime of such a fine state 
of subdivision that it remains suspended, which slime, as the metal cools, seeds 
out primary graphite, is, so far, neither proved nor disproved. The behavior 
of metal that acts as though it contained such slime is different when remelted 
under acid and under basic slags, as was brought out in Von Keil’s later work 
and by other German work. The refining action of sodium carbonate treat- 
ment is in line with this. 


HypDROGEN May Be a FActTor 


However, the removal of sulphur accomplished by sodium carbonate or a 
basic slag is an additional factor to any removal of silicates. Bolton has com- 
mented on the possibility of sulphides affecting graphite formation, and Boyles 
finds that graphite distribution is a complex function of manganese, sulphur, 
and hydrogen. Boyles produced quite definite evidence that hydrogen stabilizes 
carbide. Some of the results of Norbury, otherwise hard to explain, become 
logical on the basis of presence, or absence, of hydrogen. 

Remelting of irons that show excessive chill sometimes again gives excessive 
chill, whereas other observers find that the chilling tendency does not survive 
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remelting, a situation that could result from retention of hydrogen in the one 
case, its loss in the other. 

Boegehold, it will be remembered, inclined toward the belief that pig made 
in blast furnaces operating with high humidity blast, and melted in cupolas 
likewise having high blast humidity, had excessive carbide stability and tended 
to retain it. When moisture is present in the blast, it dissociates into hydrogen 
and oxygen. The main probable source of hydrogen is moisture in the blast, 
a secondary one is hydrous rust on scrap charged. The nascent hydrogen 
produced by decomposition of water vapor is probably much more active than 
molecular hydrogen bubbled through the melt. Humidity-controlled blast fur- 
naces are now in operation. The behavior of foundry pig made in such opera- 
tion as to heredity should be looked into and compared with that from uncon- 
trolled furnaces. Humidity control of the cupola blast is also under commer- 
cial trial. 

Eash and Smith, reporting in 1941 on laboratory runs of a humidity con- 
trolled cupola, concluded that lower carbon, manganese and silicon were pro- 
duced with higher humidities, and the structure of the low carbon iron used 
varied in accordance with the composition and that only. Yet Boegehold’s 
1929 evidence cannot be disregarded. He knew something about the effect of 
chemical composition, and when he concludes that there is an effect beyond 
that cause, he stands a good chance of being right, even though he drew these 
conclusions 15 years ago. 

Carefully conducted experiments, done in 1929, and other carefully con- 
ducted experiments done in 1941, deserve equal credence. Experiments are 
always right. Inanimate objects are perfectly honest, they do just what they 
ought to do under the conditions imposed. It’s our failure to know just what 
every condition was, and our human limitations in interpretation of experi- 
ments that get us all mixed up. 


Humuopirty Pays a Part 


Since humidity may play a part, let’s consider humidity. To melt a short 
ton of cast iron, we need somewhere around 2400 Ib. of air, 200 Ib. of coke and 
a few pounds of flux. Along with the 480 lb. oxygen in the air, comes 1920 |b. 
of nitrogen. If our pig or scrap contains traces of titanium or other nitride- 
forming elements, we might look to nitrogen as one source of nonmetallics. 
However, the feature that differentiates one day’s air from another is the mois- 
ture content. 

The 2400 Ib. of air is 30,000 cu. ft. at 40° F., and this cold air, at 100 per 
cent humidity, carries about 12 lb. of water, which provides about 1-1/3 |b. 
of hydrogen. At 90° F. and 100 per cent humidity, we must blow in 35,000 
cu. ft. of air to supply 2400 Ib., and it carries some 73 + Ib. of water, i¢., 
8 + Ib. of hydrogen. 

Automatic devices can be had to compensate for temperature and barometric 
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pressure, so that the weight of air and oxygen remains constant. But the 


variable amount of water vapor is controlled only by the weather, unless we 
follow Mark Twain’s advice and do something about it. The output of the 
cupola’s big brother, the blast furnace, is now recognized to be bettered by 
dehumidifying the air, but it does not follow that on mere economics of pro- 
duction, it will be advantageous for the cupola. The effect on uniformity and 
quality of the product is really the more pertinent question. 


It is quite obvious that moisture and hydrogen are not so fatal that the 
last trace must be removed, and, indeed, it might be quite as much in order to 
humidify winter air back to a standard level as to dehumidify damp summer 
air down to it. It is feasible to control the humidity of cupola air, and com- 
mercial installations, now in fairly long service, ought to show what effect on 
quality and uniformity is obtained by a humidity control. 


At any rate, when we attempt to chase down the effects of other variables, 
use of a humidity-controlled cupola will be advantageous, for it is quite possible 
that some of the other raw materials, notably pig and coke, may show up their 
differences only in conjunction with some particular level of humidity. Tests 
at controlled low and high humidity should be the rule in seeking to explain 
“heredity.” 


BEHAVIOR OF COKE 


It is also possible to supply air to the cupola with some reasonable degree 
of superheat, using the top gas for preheating. With a continuously operated 
cupola, rather elaborate means can be applied and considerable superheat 
provided, as Vial does, or, for non-continuous operation the simple scheme 
of MacKenzie and a lower superheat can be used. While superheat is pri- 
marily for coke economy and cupola output, nevertheless it might happen 
that cokes would behave differently on burning with cold or hot air. At least, 
the zones within the cupola must be somewhat altered. 

Coke is certainly one of the variable raw materials of the cupola. We may 
pass by bee-hive coke as a thing of the past in normal times and consider only 
by-product coke, which is made under some sort of control, yet naturally must 
vary, because the woods from which nature made the coals varied in resin 
content, and the resultant coals vary in coking behavior. The ash content is 
highly variable, and the sulphur content varies. Some high ash content coals 
are washed to free them from part of their ash content, and various types of 
coals are blended to control the coking behavior. Coke is not merely fixed 
carbon plus ash, it still has a little oxygen and nitrogen in it, and the chemical 
composition and combination may vary. Coke varies, with the types of coal 
and the time and temperature of coking, in physical structure, especially in 
porosity and ratio of surface to volume. The ash may be uniformly dissemi- 
nated or may be present in patchy distribution. 
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Tests ror Coke PROPERTIES 


The physical structure affects the fragility and friability of the coke, ice., 
the amount of breeze lost in handling as well as the crushing strength, and its 
ability to support the burden of the charge. Shatter and drop tests are sup- 
posed to evaluate these propensities. Coke may go to pieces within the cupola 
and impede the draft. If the ash sticks to the outside of a piece of coke 
as it burns away, the contact with metal decreases and hence the carbon pick- 
up may be reduced as compared with the case where a friable ash continually 


drops away. 

The system carbon plus oxygen tries to establish a chemical equilibrium 
resulting in a definite CO:CO, ratio in presence of C, for any given tempera- 
ture. This equilibrium can be produced from either side: 


C (excess) + O, = CO + Co, 
Co, + C (excess) = CO + Co, 


The “reactivity” of coke is studied by maintaining it at a certain initial tem- 
perature, supplying air, oxygen, or CO, and observing the temperature change. 
Cokes usually, but not always, rank similarly in reactivity whether we bum 
them with oxygen or with CO,. Oddly enough, the more reactive cokes are 
believed not to produce the higher cupola temperatures. Spreading the com- 
bustion out over a thicker zone appears to be more effective in raising tempera- 
ture than confining it to a narrow zone. 

The various reactivity tests do give some information, but they are generally 
performed on finely ground, small samples and the correlation of their results 
with cupola behavior does not seem any too good. 

The writer wonders whether we have not been too scientific in designing 
tests for coke behavior. What we really want to know is what kind of iron 
the coke produces. A baby cupola charged with suitably sized coke, baby pig 
(say specially cast in waffle molds and broken to size) and boiler punchings, 
blown with humidity-controlled air, preferably preheated, would, it seems to 
the writer, give information on metal temperature, carbon pick-up, chilling 
tendencies and so on, that would be more pertinent, more understandable, and 
more easily extrapolated into full-scale conditions than the “reactivity” tests. 
It is really astonishing on how small a scale a baby cupola can be built and 
still act like a real cupola. The writer has seen a 9-in. cupola, fed with small 
coke and small-sized pieces of metal, and giving down only about 15 Ib. per 
tap, behave remarkably like its big brothers. Long ago the Bureau of Mines 
built a baby blast furnace, which the blast furnace people predicted would be 
useless, but which, intelligently operated, did act very much like a big one and 
produced much very useful information. Use of a baby cupola might be an 
intelligent way of studying different cokes and of establishing, ahead of the 
actual use of a new lot of coke, what modifications in cupola operation might 
be worthwhile in the use of that coke. 
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“THe Next Raw MaArtTerIAt Is Scrap” 


There is some hope of ultimate pre-evaluation and selection of raw materials 
through control of pig iron, coke, and amount and humidity of air fed to the 
cupola. The next raw material is scrap. Gates and heavy back scrap from 
the foundry itself are known materials. Purchased heavy iron and steel scrap 
remain unknown quantities; they are usually “demolition scrap” produced so 
long ago and under such varied conditions that the composition cannot be 
definitely known. 

A large part of the current scrap comes from the machine shop as borings, 
turnings, etc. Let’s use the term “chips” to denote ali such products, whether 
true chips or curls and hay. At the machine where the chips are produced, 
their composition is known, and if this identity could be preserved, they would 
be pedigreed, not mongrel scrap. Though the loose form makes it undesirable 
charging stock, this can be remedied by briquetting. 

Indeed, either cast iron or steel chips, available in sufficient quantity within 
a plant to justify a briquetting press of sufficient power to produce a solid 
briquet by pressure alone, form acceptable melting stock for the cupolas of 
that same plant. The chips can circulate like any other back scrap without 
losing identity and they can circulate without long storage, without external 
shipment and with less danger of rusting. 

When chips are to be thus utilized, the machine shop uses chip breakers 
on its tools, installs shredders, and generally facilitates the identification and 
utilization of the chips, for they are a valuable by-product. 

When chips are not viewed as a valuable by-product, but merely as a 
waste product to be gotten rid of, they go to “storage,” usually in the open 
air with every opportunity for rusting, and very little segregation is applied. 
Everything all goes in together. Transportation of this loose material is a 
costly nuisance. It is no good for the cupola. By the time it finally gets to 
an open hearth or blast furnace it has not only piled up handling and trans- 
portation costs, but has rusted and deteriorated, so that the value of chips 
for use away from the plant where they are produced runs around $5.00 per 
ton less than that of heavy scrap produced at the same point. The electric 
furnace for cast iron or steel shines in its ability to utilize loose chips, but 
even here a more compact form would be heartily welcomed. 


SMALL BrigueTTING Devices NEEDED 


There is urgent need for smal] devices that can be put in the production 
line, take chips as fast as they are produced, shred and dry or de-oil them 
and convert them into solid briquets that can be economically handled, stored 
and transported, that will stand storage and railway shipment as pig iron 
does, and that will melt down like heavy melting stock. 

The big, expensive, elephantine presses accomplish this. What is needed 
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for more general use is not elephants but rabbits, to take metal hay in at 
one end and turn out neat little briquets at the other. 

This is a problem afflicting industry everywhere. It has to be solved 
before W.P.B. exhortations to utilize chips and maintain their identity can 
be followed. All sorts of suggestions have been made for its solution, ranging 
from briquetting with cement to playing an oxygen lance on the base of a 
pile of chips to produce agglomeration by partial melting, and all of them 
have some drawback, either obvious on the face or readily recognized once 
you try to do it. The most logical move, setting up an elephantine press 
in a central location and trucking the product of several small plants to the 
one press, may be applicable under special conditions, but the more one 
thinks out the economics of a particular case, the more convinced one becomes 
that the place to condense the chips is at their very first handling. 

Neither the small machine shop nor the small foundry can keep a big 
briquetting press busy, and if it is not kept busy, it eats its head off in overhead. 

From the point of view of using chips as foundry raw material, bonding 
methods can be considered that would not be applicable when the chips are 
destined for conversion into steel. 

Cement bonded briquets are satisfactory means for utilizing ferrosilicon 
fines and other small additions, but applying that principle to chips, for 
any respectable portion of the charge, puts too much inert material in to be 
slagged off 


CoKkE As A Curp-BoNDING AGENT 


E. R. Kaiser, of the Battelle fuel group, suggested that since the cupola 
requires coke as well as iron, an ideal bond for briquets of iron or steel chips 
would be coke. While we do not ordinarily think of coal as a plastic, there 
are some coals that, in heating in the process of coking, go through a very 
plastic range, becoming soft enough to flow around and engulf such materials 
as iron chips used with the ground coal. 

He demonstrated that, without the use of any pressure, briquets con- 
taining 75 to 85 per cent metallics, 15 to 25 per cent coke, could be made 
by heating chips or crushed turnings, mixed with coal crushed to »ass an 
8-mesh screen. Among specially suitable coals were: Powellton, Sewell and 
Upper Freeport. 

If such a mixture is placed in a loosely covered steel box with card- 
board or paper separators to mark off the size of briquet desired, put into a 
furnace which is, say, at 1000-1700° F. and heated to 1950° F. in say 1% 
hours to 3 hours, the coal fuses, the volatile is driven off, and on allowing 
the coked mass to cool, a well-bonded briquet results. If coked in large 
masses and quenched as in regular coke making, the mass does not split up, 
nor can it be easily broken since the chips strengthen the coke. Hence, the 
use of spacers to produce the desired size. 

A mixture of 85 lb. of cast iron borings, 22% Ib. of Powellton coal, 
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coked to 100 Ib. of briquets with a bulk density of 125 lb. per cu. ft. One of 
62 lb. steel broachings, 181 Ib. of iron dust from the dust collector of a shot 
blast cabinet, 21 Ib. Powellton and 9 lb. Pocahontas coal, coked to 100 lb. 
of briquets. 

Thus we have, without the necessity for a press, briquets that can be 
handled with a magnet and will stand storage and shipment, in which the 
chips are protected against rusting in storage, and which contain nothing 
but coke and iron or steel. Crushing of fluffy turnings is, of course, necessary. 
Obviously, oily turnings offer no difficulty, for the oil goes off with the 
volatile of the coal. 

Though the strength of the briquets at room temperature appears ample, 
it remained to prove that they would not disintegrate in the cupola and 
give all the troubles associated with unbonded chips. D. E. Krause and 
J. C. DeHaven carried out a couple of cupola runs to check this point at 
Battelle. One cupola run was made using briquets to supply 50 per cent of 
the metallic charge. A 12-in. cupola was used in the first run. For this 
first run, two lots of small briquets, 2!/2-in. cube, were prepared; one lot 
with 84 per cent cast iron borings, 16 per cent coke; the other with 60 per 
cent steel turnings, 17 per cent iron dust from the dust from the dust collector 
of a shot blast outfit, 23 per cent coke. 


EXPERIMENTAL RUN wITH CoKE-BONDED BRIQUET 


The run started with a few charges of scrap (cast iron test bars) with 
a little steel scrap and silvery pig. The next 4 charges had their metallics 
made up of 50 per cent of cast iron borings in briquets, 20 per cent pig, 15 
per cent heavy cast iron remelt, 10 per cent steel scrap, 5 per cent silvery pig. 
This set was followed by another set of 4 charges with the metallic made up 
of 50 per cent of metal in the steel turnings-iron dust briquets, 124% per cent 
pig, 15 per cent remelt, 10 per cent steel and 12% per cent silvery pig to 
make up for the lack of silicon in the steel turnings. The usual limestone- 
sodium carbonate flux was used with all charges. The coke charge was kept 
at nearly normal, that is, to be on the safe side, half of the coke in the briquets 
was figured as not acting as fuel. However, it did act as fuel, though it is 
probably not effective in maintaining the bed. 

The run went smoothly. Observation through the peep holes showed 
that the briquets held their shape well down to the melting zone, the iron oozed 
out as droplets before the coke structure burned away or collapsed, and the 
pressure was normal. Tapping temperatures during the melting of the 50 
per cent briquet charges were 2630 to 2720° F., which is normal for this 
small cupola. 


Normal, soft iron was produced, the carbon running 3.23 to 3.31 per 
cent, even when the briquets containing mostly steel turnings were used. 
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The sulphur was high, about 0.20 per cent with either briquet, as might be 
expected from the intimate contact of the chips and the coke. 

With 50 per cent steel in the briquets and 10 per cent more steel as 
heavy scrap, the operators were getting soft, hot iron from 60 per cent steel 
in a 12-in. cupola. The most interesting thing about this run was the high 
recovery. In the whole run 1160 lb. metallics were charged, of which 336 
lb. were steel or iron chips and 44 lb. fine iron dust and 1149 lb. were recov- 
ered, a metal loss of 1 per cent. 


SUBSTITUTE BrRIQUETS FoR Pics? 


The pick-up of carbon by the steel in the steel turnings-iron dust briquets 
fooled the operators. They assumed that the same thing would occur 
with all steel in the briquets. If that pick up could be depended upon and 
the necessary silicon could be introduced into the briquet and simultaneously 
the sulphur be reduced, then the steel turnings-coke briquets would be a 
substitute for pig. 

In the next series of tests, the experimenters tried to accomplish all these 
things at once, unsuccessfully. No cast iron chips were used, only axle 
steel turnings. In the hope of bringing the silicon content to that finally 
desired, and of desulphurizing at the same time, 2.4 per cent of 80 per cent 
ferrosilicon, crushed to 1/16 - 1/4-in., 2 per cent pulverized sodium carbonate, 
66.4 per cent axle steel turnings, and 29.2 per cent crushed coal, were mixed, 
coked into 3x3x6-in. briquets by heating to 1950° F. The briquets had a 
bulk density of 109.3 Ib. per cu. ft. against 94 lb. per cu. ft. for the loose 
turnings. A second set was similar, but the sodium carbonate was omitted. 
These briquets had about 78 per cent metallics, 22 per cent coke. 

This second run was in an 18-in. cupola, charging 120 Ib. of metallics 
at a time. An initial 4 charges of 50 per cent pig, 20 per cent heavy steel, 
and 30 per cent cast iron remelt were run through, then 4 charges with the 
metallics consisting of about 48 per cent steel chips, 2 per cent ferrosilicon 
in briquets (which also carried sodium carbonate), 20 per cent heavy steel, 
and 30 per cent cast iron remelt were melted, finally 4 like charges, but in 
which the briquets contained no sodium carbonate, were melted. That is, 
the charges had 68 per cent steel total. The usual limestone-sodium carbonate 
flux was, of course, added to all charges. 

In figuring the coke charges, it was assumed this time that all the coke 
in the briquets would be as effective as that in any charge, since the coke 
of the briquets had burned satisfactorily in the previous run. This was an 
error, for the bed was not properly maintained, and the metal was cold, 
tapping at 2550-2580° F. Whether solely due to the low temperature or not, 
or whether the coke in the briquets is a “low reactivity” type, carbon pickup 
was low and silicon recovery from the crushed ferrosilicon contained in the 
briquets was also low. Instead of 3.30 per cent carbon, 1.70 per cent silicon 
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aimed at, the metal was white; it contained 2.3 to 2.6 per cent carbon and 
| to 1.2 per cent silicon. While this was not the soft iron aimed at, nor was 
the metal hot enough to pour satisfactorily such a composition as was obtained, 
yet the production of such a malleable iron composition from the cupola, ready 
for duplexing, may be of interest. 


BEHAVIOR OF Briguets Harp To EXPLAIN 


The added sodium carbonate in the briquet was not effective—the sulphur 
content was 0.20-0.21 per cent whether or not sodium carbonate was included 
in the briquet. Ladle treatment, however, easily brought this down to 0.12 
per cent. 

The low carbon pick-up by the turnings in these briquets was notable, 
compared to the pick-up in the previous run, where the steel chips were 
accompanied by cast iron dust. This leads to a purely hypothetical sugges- 
tion that if one wishes a carbon pick-up by steel turnings, up to that of soft 
iron, putting some cast iron chips in the briquet along with the steel chips 
might do the trick by virtue of the lower melting point of the cast iron, which, 
in contact with the steel would in turn make the steel melt in time to be in 
contact with coke long enough for it to take up carbon, whereas with steel 
chips alone, the coke is pretty much burnt away by the time the steel melts, 
so the carbon pick-up is low. However, the low temperature may be the 
sole answer. 

What happened to the silicon in the briquets is a mystery. Its very high 
loss is not easily accounted for, though a rather high loss would be expected 
from even lump ferrosilicon in the charge when operating with a low bed. 
The total metal loss was low in spite of the apparent failure of the crushed 
ferrosilicon to be recovered. The total metallics charged in the 18-in. cupola 
run were 1440 lb. of which 470 lb. were steel chips and 1395 lb. of metal was 
recovered, a recovery of 97 per cent. 

It is not believed that the coke-bonded briquets offer material advantage 
over straight briquets made under high pressure. Nor is it clear whether 
the economics of producing coke-bonded briquets will be favorable. 


PossisiLities OF CoKE-BoNpDEp BRrIQUETS 


Nevertheless, it is technically possible to take cast iron chips or crushed 
steel chips, add suitable bituminous coal, coke the mixture by heating to 
1950° F. (Obviously, various cheap and simple types of coking furnaces 
would be applicable and produce briquets that will make an acceptable part 
of a cupola charge.) If such crushing and coke-bonding were carried out 
at the first stop, as the turnings are removed from the machine shop, further 
handling would be easier and storage would be feasible without the usual 
deterioration through rusting of loose turnings in storage. The coke-bonding 
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scheme appears applicable to a much smaller tonnage of turnings than is 
necessary to justify the installation of a briquet press. Under specific local 
conditions, where loose turnings and chips have little value because of the 
messiness of handling and storing them and because of distance from open 
hearths or blast furnaces that can use loose material, but where there are 
local gray iron or malleable foundries, the scheme might have utility. 


Cupo._a FLuXEs 


The last raw material in the cupola charge, ordinarily considered a minor 
one, is the flux. Cupola slag is looked upon merely as a broom to sweep 
out the coke ash, etc., rather than as a tool. It is quite the opposite in steel 
melting, where the slag serves a definite purpose and where one may almost 
as justly say that the object of the melting process is to make the proper slag 
as to say that the object is to make steel, since good steel results when the 
slag is correct. 

The inclusion theory of “heredity” raises the question whether a heated 
forehearth, or some mixing scheme amalagous to the Perrin process for 
steel, whereby the iron is brought into good contact with a properly selected 
slag, might not be an important step in producing quality and uniformity. 
Soda ash or some other basic slag treatment for sulphur removal is a move 
in this direction, but there is some evidence that a strongly acid slag, say 
applied as a second step after the desulphurization, might be useful. 

Slagging could well move up from its present position of a redheaded 
stepchild to one where fluxes would become raw materials of major importance. 

Finally, for most quality irons a “late addition” needs to be made, and 
the mechanism by which it acts is not well understood. Sometimes the metal 
is just as well off if the final silicon has been incorporated in the charge, but 
the addition does tend to remedy shortcomings in the other cases. Eash and 
Smith, in their study of moisture and preheat, recognized that the type of 
iron they were studying “should be ladle inoculated to attain maximum prop- 
erties, and minimum chill.” They say, “This treatment was undesirable in 
the present work since it was known beforehand that it would have erased the 
effects that moisture, preheat and composition might have had on the chill.” 


SUMMARY 


Summing up: We know that coke varies, but there is no unanimity on 
how to specify it or test it for its effect on the final product. We think that 
pig irons have individuality and heredity, but we do not know why or how 
to evaluate the differences. We are forced to use unpedigreed scrap, and our 
cheapest sources of scrap, chips, turnings, etc., are rarely so prepared as to 
be suitable for use. 

We can control the humidity in making both pig iron and cast iron, but 
we so far have very little evidence on the value of ‘this control. 
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We use fluxes only to clean the cupola and to remove sulphur and have 
not seriously explored the possibilities of other slagging actions. We make 
final additions, with various theories as to their mode of action, but woefully 
meager proof of the correctness of any theory. 

Getting a uniform product from the cupola out of this assembly of un- 
knowns is an art rather than a science. Control methods and control devices 
are taking some of the guesswork out of operation. As these progress further, 
the problem of better control of raw materials will become more pressing, 
if we are to make further advances toward predictability and uniformity of 
quality. 

The saving grace which has kept the vagaries and the heredity of cupola 
raw materials from having too noticeable effects in the actual performance 
of castings lies in the fact that service behavior is not wholly predicated upon 
the test bar results through which the effects become discernible. Service 
behavior depends more on how sound and how well made the casting is 
than upon the properties shown by the test bar. Bad gating and general 
sloppy foundry practice can make castings that do not behave well in service 
out of the highest quality metal it is possible to tap from the cupola. Con- 
versely, mediocre metal, from the test bar point of view, poured into properly 
gated molds and handled with utmost intelligence can make castings that 
serve excellently. 

It is when all sloppiness has been eradicated from foundry operations 
after the melt, when perfect castings are being made, and the engineer is 
putting those castings into more and more severe service that the variations 
in the melt that come from raw materials show up in predominating fashion. 

According to John Bolton’s talk last year, you A.F.A. members, at least, 
must be well along the road to making all your castings perfect. So it will 
soon be time to look to your cupola raw materials and try to control them 
to a degree of uniformity consistent with the perfect castings you make today 
or will make tomorrow when you fully utilize the accumulated knowledge that 
has been piled up by decades of A.F.A. effort. 











wort 


ee 


Wartime Calls On Women to Make Aluminum Air-Cooled 
Cylinder Headst 


By M. J. Grecory*, Peoria, IL., U.S.A. 


INTRODUCTION 


1. The company with which the author is associated, in normal times 
makes track-type tractors, road machinery, diesel engines and diesel-electric 
sets, and its products are distributed and used all over the world. Since the 
beginning of World War II, “Caterpillar” has been one of the largest suppliers 
of similar and other materiel to the armed forces of the United Nations. One 
of its most important war products is the tractor portion of the completed 
machine commonly referred to as the “Bulldozer.” These machines are helping 
to construct airports and bases, to build and repair military roads, and to 
perform many other functions which make the construction operations of the 
Allied Armies the miracles that they are. 


Founpry DEsIGNED To UsE WoMEN 


2. In its peace-time operations, the Caterpillar Tractor Company operated 
foundries to produce the many castings required in the construction of its 
products. Its foundries enjoyed a reputation for producing high quality 
castings under carefully controlled conditions. It was natural, therefore, that 
as the tremendous need for air-cooled aluminum cylinder heads in the war 
effort grew, it should have been requested to add an aluminum foundry to its 
facilities to help answer the call for increased production of air-cooled cylinder 
head castings. Manpower was the important problem. Therefore, it was 
decided to use a large number of women in the new operation and the 
aluminum foundry was so designed and established. The success of the project 
is shown by the fact that 90 per cent female labor is used in that foundry. 

3. It is not strange to picture women in foundry work, as modern power- 
operated equipment can be used to eliminate heavy foundry work. Women 
have proved more proficient in aluminum cylinder head foundry work than 
men. Their natural skill in doing intricate and precise work makes them ideal 
workers for producing air-cooled cylinder heads. All women employed by our 
company have a desire to help in the war effort, and those employed in the 
aluminum foundry have the satisfaction of knowing that they are working on 
the front line of production. The story as to technique and methods employed, 
together with a roll of several hundred feet of sound moving picture film and 
a number of slides, describes the entire operation in making aluminum air- 
cooled cylinder heads. 

*Factory Manager, Foundry Division, Caterpillar Tractor Co. 

tNore: Official Exchange paper of the American Foundrymen’s Association to the Institute of 


British Foundrymen. 
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DEVELOPMENT OF PRACTICES AND DESIGN 


4. The technique and methods used in producing aircraft engine castings 
have grown with the industry and are very exacting. Yet, the progress has not 
necessarily been all that could be asked for. This can be explained readily by 
the speed with which the industry was required to get into production. Known 
techniques were simply multiplied as the demand for castings and engines 


grew into tremendous quantities. 


5. In the air-cooled engine, possibly the most difficult casting required was 
the large cylinder head that is used on some of the larger engines. The general 
design of these air-cooled cylinder heads, through the process of evolution, was 
a relatively plain casting with cooling fins spaced wide apart and of relatively 
shallow depth. As increased horsepower was demanded, gradually the design 
of the cylinder head changed. The number of fins became greater until now 
there are five fins to an inch. Where the fins were relatively shallow in earlier 
designs, it is not unusual now to find them 4 in. deep in some instances. The 
fins, of course, provide cooling surface for the engine. 


EVOLUTION OF THE NEw Founpry 


6. The Caterpillar Tractor Co. was called upon to go into the air-cooled 
engine business through the work that it did in converting a gasoline engine, 
manufactured by the Wright Aeronautical Corporation, into a diesel engine. 
The cylinder head in both engines was practically the same, with the exception 
that the diese] head did not have spark plug recesses at both sides of the head. 
Clearances for the injecting nozzle for the diesel were allowed for in the loca- 
tion on the push rod side. 

7. Later, we were called upon to make cylinder heads for the aviation 
industry. Since our manufacturing personnel had acted somewhat in an 
advisory capacity in a voluntary way, we were in position to learn gradually 
from the manufacturers the many problems within the technique of producing 
cylinder heads. Thus, when we were called upon to produce these heads, we 
had developed and established a new technique which is thoroughly explained 
in this paper. New machines were designed, different sands were used, and 
at the same time, the general procedure was of a basic principle. 

8. Laying out, procuring materials, and getting a plant into operation in 
the very midst of the difficulty of obtaining materials, called for some very 
exacting and fine coordination on the part of all involved. To alleviate the 
difficulties, photographs of the entire foundry layout were taken and photo- 
static copies were placed in the hands of everyone concerned, from government 
officials in Washington to expeditors in the field. With this pictorial infor- 
mation, it was a simple matter for the personnel working on priorities to 
visualize the importance of one piece of equipment in relation to another. 
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VARIATIONS OF NEW PROCEDURE 


9. When one visualizes the very narrow section of sand within the cooling 
fins of the cylinder head when the fins are spaced five per inch, one can readily 
see the problem of obtaining a core that will not wash away when the metal 
enters the mold. Where it has been common practice in making cylinder heads 
of this type to use from 700 to 800 wires in each half of the core, by the method 
used in the author’s foundry it is possible to reduce the number to some 70 
wires. Also, where the conventional procedure of pouring was from the 
bottom, requiring from 5 to 6 sec. to pour, in the new method the mold is 
poured directly from the top, requiring less than 2 sec. 

10. To do this, it was necessary to develop a different type of sand than 
that which was used conventionally. The general practice in making air- 
cooled cylinder heads required the use of two types of silica sand of a different 
grain shape. The general practice in making the fin body cores has been to 
use a combination of round and angular grain silica sand. The round grain 
is shown in Fig. 1 and the angular grain in Fig. 2. However, in the present 
method, 95 per cent of the sand was of the round grain, and 5 per cent was a 
fine molding sand containing 10 per cent clay. The resulting sand mixture 
contains 0.5 per cent clay content. 


GATING CONSIDERATIONS 


11. It is common knowledge that, in the pouring of metals such as alumi- 
num and magnesium, the absence of turbulence is a great factor in producing 
a better metal within the casting. It is good practice, wherever it is possible 
and necessary, to introduce aluminum into the mold cavity from the bottom 
and allow it flow up through the mold without any disturbance. Top pour- 
ing of castings many times has its disadvantages, for when aluminum enters 
the mold in a splashing manner, oxides and folds are likely to result. How- 
ever, there are many ways of solving these problems by the process of 
elimination. 

12. By carefully consulting Fig. 3, which shows the layout of the entire 
air-cooled cylinder head operation, it is possible to better visualize the facilities 
employed in the following description. 


SAND HANDLING 


13. The sand is received at Position 1, Fig. 3, removed from box cars by 
an automatic power shovel and delivered to a concrete feeder hopper. Sand 
is fed from the feeder hopper by a 24-in. flat belt conveyor to a 10x6-in. 
belt bucket elevator which discharges onto an 18-in. flat distributing belt 
equipped with plows to drop the sand into any one of eight concrete storage 
bins under the crane way. Sand is worked from these concrete storage bins 
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to the feeder hoppers using an electrically operated clam shell on the over- 
head crane. This is shown as Position 2 in Fig. 3. The four feeder hoppers 
are made of reinforced concrete. Each holds approximately 25 tons of sand 


Dry SANDs BeErore STORING 


14. Silica sand enters the plant in box cars and is thoroughly dry when 
received. However, the other two sands, one a fine molding sand and the 
other a crude silica sand, are wet, the amount of water present being deter- 
mined by weather conditions. For this reason, these two sands are dried 
before storing. A rotary, 4-ft. diameter dryer was installed. It is approxi- 
mately 18 ft. long and is equipped with a 225-cu. ft. capacity feed hopper 
supported above the shell. Sand is fed directly from this hopper to the rotary 
dryer and runs through the shell to the discharge end near the furnace. Four 
gas burners fire into the bricklined furnace preceding the dryer. 


Sano MIXING 


15. Position 3, Fig. 3, shows where the sand mixing takes place. Sand 
for mixing is fed from hoppers by special leakproof apron conveyors to 4 
24-in. troughing belt conveyor, which in turn discharges it into a 3x5-ft. 
gyratory screen with a 10-12 mesh deck. All foreign matter is removed by 
this screen. The screened sand runs into a 10x6-in. belt bucket elevator 
which discharges the various sands either to the 15-cu. ft. capacity batch 
hopper over the large sand muller, or to small storage hoppers over the 
small muller. 

16. Two sand mullers are used, one having a capacity of 3 cu. ft. and the 
other a capacity of 15 cu. ft. The floor of the unit is elevated to a height 
of 5 ft. with the mullers set at floor level for convenience of the operator. 
Above the larger unit is a 15-cu. ft. batch hopper and between the two mullers 
is a series of small hoppers for silica sand. A-scale car runs under these sand 
hoppers for accurate weighing of the sand for facing mixtures. 

17. On one complete side of the sand mixing unit is a large panel with 
electrical timers for each feed hopper to insure the correct amount of sand 
in each mixture. Also on this panel are the switches for all equipment that 
pertains to sand mixing. Sand mixtures are all proportioned at the operating 
platform, either by timers controlling amounts of sand through the previously 
described system to the mixing unit, or by weighing, independently, amounts 
from the small overhead hoppers into the travelling weigh lorry for the small 
sand muller. Oil and water dials are located on the electrical timing panel to 
give the operator knowledge of the amounts she is adding to each mixture 
(Fig. 4). 

18. In the mixing of sands, the procedure is watched constantly and the 
control of the properties is accurately maintained. Therefore, by having 
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no moisture in the sand at the beginning, a very accurate moisture content 
can be maintained. 


SAND PREPARATION AND PROPERTIES 


19. Facing Sand: Facing sand must have green properties to withstand 
handling and dry properties to withstand the rush of molten metal. Dry 
permeability must be sufficient to liberate gases which generate in the mold, 
yet low enough to insure a clean casting which will require a minimum amount 
of cleaning. The green and dry properties of the facing sand used are as 
follows: 

Green Properties Dry Properties* 

Compressive Strength, psi 0.35 Tensile Strength, psi 180-195 
Permeability 39 Permeability 40- 44 
Moisture, per cent Nil 


20. Sands Used: The facing sand now used was adopted after many 
experiments had been performed. This sand mixture contains a fine washed 
and dried silica sand of the screen analysis shown in Table 1. 

21. Mixed with the silica sand is a fine molding sand which has a clay 
content of approximately 10 per cent. This clay content is sufficient to fill 
most of the voids between the silica grains and to give the sand the necessary 
green bond. The fine molding sand also contains a compound grain with 


*Baked at 450° F. for 6'/ hr. 
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Table 1 
ScREEN ANALYSIs OF SILica SAND 


Remaining on Screen Per Cent 
40 0.2 
50 3.5 
70 25.0 

100 41.9 
140 17.2 
200 9.6 
270 2.0 
Pan 0.5 
Total 99.9 
A.F.A. Grain Fineness No. 79 

A.F.A. Grain Class No. 4 


inter-locking qualities that makes it possible to use considerably fewer nails 
than are ordinarily required. The resultant mixture of these two sands 
reduces the clay content in the mixture to 0.5 per cent, which is something 
very desirable. Use of a sand mixture of higher clay content will present com- 
plications in pouring castings of this type—however, only within the thin fin 
sections. The screen analysis of the molding sand used is as shown in Table 2. 

22. Mixing Procedure: Following is the procedure used for mixing. The 


time cycle, 1 min. and 30 sec., is important. This cycle provides maximum 
strength and smoothness in our sand mixtures. The scale car is stopped under 
a hopper and 268 Ib. of sand (95 per cent of the mixture) is weighed into the 
small batch hopper of the scale car. The small muller is then started and the 
sand is dumped into the running unit. Then 5 per cent dry molding sand, 
3 oz. of ammonium nitrate, 9 oz. of inhibitor*, and 434 pts. of core oil are 
added to the sand in the mixing unit. This mixture is mulled for exactly 
one min. from the completion of adding the core oil. After this time, 5 per 
cent flyash is added and the mulling continued for an additional 30 sec. On 
completion of a time cycle of 1 min., 30 sec., the sand is dumped into an 
awaiting tramrail bucket for distribution. 

23. Functions of Additions: Ammonium nitrate is used to accelerate 
drying of cores. The inhibitor is a chemical which, in a solid state at a given 
temperature, will change to an inert gas. The function of this inhibitor is to 
cleanse the metal of oxides. It is mixed in sand to obtain homogeneity in 
cleaning the metal. In this instance, this inhibitor can be used in the facing 
sand because it is a dry mixture. It is questionable as to whether that inhibitor 
will work if the sand mixure contains 5 to 6 per cent of moisture instead of 
the less than 0.5 per cent used in the present mixture. Mixing the inhibitor 
in the facing sand eliminates a great deal of the spraying after the core -has 
been baked. However, a slight amount of spraying is necessary in localized 
places. The inhibitor also is sprayed on the mold and acts in the same 


*Trade names of products used may be obtained from the author. 
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Table 2 


ScREEN ANALYSIS OF MOLDING SAND 


Remaining on Screen Per Cent 
20 0.3 
30 0.2 
40 0.6 
50 1.0 
70 2.6 

100 4.6 
140 8.8 
200 39.7 
270 14.0 
Pan 16.4 
Total 88.2 
Clay 11.4 
A.F.A. Grain Fineness No. 166 

A.F.A. Grain Class No. 2 

A.F.A. Clay Class E 


manner for the fins adjacent to the heavy sections of the cylinder head of 


the combustion dome. 
24. Flyash is a by-product of coal, being the residue of chimney soot and 
obtained chiefly from power plants. It has a velvety texture and its function 


is to assist the sand in drawing from the pattern. 

25. Efficient Operation: While one mixture of sand is mixing the required 
time, which is checked very carefully by the operator, sufficient time is given 
to weigh another 268 Ib. of sand in the scale car and get the remaining ingre- 
dients measured for the next mixture. When the first mixture is dumped into 
the tramrail bucket a second mixture is ready to enter, thus obtaining the 
greatest possible efficiency from the muller. 

26. Backing Sand: Backing sand is a mixture of crude silica sand, cereal 
binder, and core oil. The green and dry properties in the backing sand used 
are as follows: 

Green Properties Dry Properties* 

Compressive Strength, psi Tensile Strength, psi 85- 95 
Permeability 190 Permeability 225-250 
Moisture, per cent 2.0 


Screen analysis of the crude silica sand used is shown in Table 3. 


27. The same proficiency exists in mixing the backing sand in the large 
sand mixer as is evident in the operation of the smaller unit. The sand, 
coming from the elevator, enters the batch hopper located over the muller 
and is dumped into the running unit. The operator then starts an electrical 
timer on the panel and 1280 lb. of crude silica sand again enters the batch 
hopper, ready to follow the preceding 1280 Ib. While the batch hopper is 


*Baked at 450° F. for 6% hr 
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Table 3 


ScREEN ANALYSIS oF Crube Smica SAND 


Remaining on Screen Per Cent 
12 0.3 
20 0.2 
30 4.0 
40 25.0 
50 32.8 
70 22.2 
100 12.4 


140 2.1 
200 0.5 
270 0.1 
Pan Bex 
Total 

A.F.A. Grain Fineness No. 45 

A.F.A. Grain Class No. 6 


filling, the operator adds 6 gal. of cereal binder and 2 lb. of ammonium nitrate 
to the muller, followed by sufficient water for the desired moisture content, 
and 7 qt. of oil. From the completion of adding oil, the mixture is mulled 
for 1 min. 30 sec. and then dumped into the waiting tramrail bucket. 

28. The next batch of sand then is dumped into the muller and the 
procedure repeated. The tramrail buckets of sand then are picked up by the 
overhead tramrail, which distributes the different types of sand to their 
designated hoppers or blowers. 


MAKING Bopy Cores 


29. In the making of fin body cores, a great deal of investigation and 
research was necessary to crystallize thoughts and design machinery for this 
work. The machinery developed consists of a vibration table for vibrating 
the facing sand into the fin section, a well-engineered jolt machine, and a 
push-button, hydraulically-controlled, pattern-locking and rollover-draw com- 
bination. This machine is shown in Figs. 5 and 6. 

30. It was found advisable to bake these cores in a particular type oven. 
The cope and drag cores, which are made within the area marked no. 4 in 
Fig. 3, are dried in a long, continuous horizontal oven, whereas the center and 
smaller cores are baked in a vertical oven. The reason for this is that the time 
cycle for baking and cooling is such that this arrangement is an ideal one. In 
making body cores, a progressive core line is used, the operations being arranged 
in such a manner that every woman is performing her operation on one of the 
six patterns used. Operations are timed so that the cores move down the line 
until they are completed and loaded on the core rack for baking (Fig. 7). 

31. Cleaning the Pattern: The first, and one of the most important opera- 
tions on this line, is that of cleaning the pattern. (See center operation in 
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Fic. 5—Core Macuine witH VisraTtion TaBLe, JoLTER AND PatrerN-Lockinc Ro.Liover-Draw ComBINATION. 


Fig. 8). This is done after each pattern is used and is done in a well ven- 
tilated section of the conveyor line where a solvent is sprayed on the pattern 
to cut the dirt and oil film. The solvent then is blown out of the pattern with 
compressed air until all sections are clean and dry. The pattern then is rolled 
into position by means of a roller conveyor which is hinged on one end and 
which may be elevated on the opposite end by an air piston. 


32. Placing Reinforcing Wires: The next operation requires the dexterous 
handling of small 18-gauge pin wires which are placed into each fin and laid 
horizontal to the pattern plate. (See operation to right and to left in Fig. 8). 
Here 61 wires are laid in the cope and 69 in the drag patterns. These wires 
serve to hold the fragile sand fins to the body of the core before baking. In 
many experimental tests, these molds have been made and poured without 
any wires whatsoever. However, it is not deemed a practical operation. 
Following placement of the wires, an aluminum form is placed in the box 
around the pattern, following which the assembly is rolled onto a special 
vibrating machine and clamped to the table by air clamps. 
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33. Filling the Fins: The next operator puts facing sand, from a hopper 
directly in front of her, onto the pattern and vibrates the sand into the narrow 
fins. While the sand is vibrating into the pattern, the operator bares the neces- 
sary area for nailing, releases the vibrator after allowing sand to pack 
thoroughly and unclamps the pattern from the machine. The pattern then is 
rolled along on the conveyor and stopped at a station where additional nails 
are placed in other strategic positions. (See operation in center of Fig. 9). 


34. The Ramming Operations: Next the pattern is stopped over a jolt 
machine and is clamped in place. The remainder of the ramup frame is filled 
with backing sand and the cope. is jolted 30 times and the drag 40 times. 
This operation is to protect the facing sand when subjected to the force of 
air as the remainder of sand is blown into the pattern. (See operation to 
right in Fig. 9). 

35. The pattern is then unclamped and rolled from the jolt machine. The 
operator removes the ramup frame, places four reinforcement rods on rod 
stools and pushes it under the core blower. The remainder of the sand then 


. 6—Anotner View or Core Macuine Suown in Fis. 5. 
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is blown in and the pattern proceeds to the next operator. (See operator at 
machine at left in Fig. 10). : 
36. Drawing the Core: Here the core dryer plate is placed upon the core, 
and it is then rolled into the rollover machine. The assembly is clamped into 
position on the machine and an air hose snapped onto the vibrators which 
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are mounted on the front of the pattern plate. By pushing a button, the 
head of the machine, which has four equalizer seats, comes into contact with 
the core dryer plate under hydraulic pressure and locks to make the dryer 
secure. The machine then rolls over, the operator starts the vibrators and the 
core loosens slowly for approximately 34 in., from which point it then drops 
rapidly, easing up just before hitting the rollout roller conveyor. The entire 
drawing operation does not require much more than 15 sec. 

37. From the time the pattern enters the position on the rollover machine 
to the time the machine returns to its original position, elapsed time is approxi- 
mately 55 sec. 

38. After the core is drawn, it is rolled onto a specially made roller con- 
veyor. Meanwhile, the machine is rolled back, the pattern is unclamped and 
pushed to the return conveyor where it is picked up by a live roller conveyor 
and returned to the first operation station to start anew down the progressive 
core line. (See center of Fig. 10). 

39. Baking the Core: After the core has been drawn and rolled onto the 
conveyor at the end of the core line, it is oiled in various locations to give 
additional strength. The core then is placed on the oven conveyor by a 
hoist. The operator exerts a force equivalent to only 10-lb. weight in placing 
the 120-Ilb. core on the core rack. (See no. 10, Fig. 7) 

40. The core rack upon which these cores are loaded is attached to an 
endless chain and carried into a horizontal oven, which is approximately 
800 ft. long. The rack has a time cycle of 9 hr. in the oven, of which 61% hr. 


Fie. 10—Furtner View or Coremaxine Line in ALtumMinuM Cy.inper Heap Founpry. 
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is baking time at a temperature of 450° F., which is maintained by two 
heating units fired with fuel oil or gas, and 21% hr. cooling time, which enables 
the operator to handle cores immediately upon leaving this oven. 

41. The body cores are unloaded by an electric hoist designed especially 
for this job and handled very capably by one woman. They are unloaded 
from the core rack to a roller conveyor. There are two of these roller con- 
veyors, one for the cope and the other for the drag. The cores proceed down 
these conveyors where they are blown out and inspected before going into 
the final stages of assembly. All machines on this progressive core line are 
specially designed and built for the type of work they are doing. 

42. Summary of Method: The method of making fin body cores outlined 
previously is claimed to be original with Caterpillar Tractor Co. The prior 
art concerns the placing of a shroud around the fin section of the cylinder 
head and vibrating sand into the fins, the placing of nails in certain sections, 
and the jolting of backing sand within the shroud, thus completing the mold 
at this point to the height of the core box. The shroud is then removed and 
four rods are placed for reinforcing the core after baking—two rods on stools 
and two rods at right angles resting on the rods first placed. The box then is 
placed under a core blower for the completion of the entire core by the core 
blowing method. The pattern continues on to a rollover machine which is 
operated by push button control. The core is drawn away from the pattern 
and rolled out on a roller conveyor and, by push button control, the rollover 
machine is returned to its original position for removal of the pattern. The 
pattern then is prepared to continue for another similar operation. 

43. In addition, in another instance the art of blowing the entire core, 
which consisted of placing the sand within the fins as well as the backing sand 
by the core blowing method, was developed. 


MAKING SMALL CorEs 


44. The small cores include center cores, rocker arm, pin and block cores. 
These are made on three core blowers manipulated by women with great 
proficiency. In some instances, in making this particular casting, chills are 
required on the surface of the combustion dome area and in several places 
within the intake and exhaust areas. 

45. Work benches are placed adjacent to the blowers, and core racks on 
roller benches are placed back of the operators. After a rack has reached its 
capacity, it is rolled from its stand to a transfer car, then to the approach of 
and into a vertical oven. This oven has a cycle of 3% hr., a temperature of 
460° F., and is fired with fuel oil or gas. The racks of cores, after being baked, 
are taken from the opposite side of the oven, placed on a transfer car and 
rolled onto a roller conveyor for unloading. 
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Core ASSEMBLING 


46. Small cores, after returning from the bake oven, are unloaded onto a 


roller conveyor and proceed to two work benches where the center cores are 
rubbed and pasted together. The center cores then are gauged to insure correct 
alignment and passed on to the next operation where the joint is mudded. 


47. Core Wash Applied: The assembled cores are placed on a core plate 
on the roller conveyor which circles to the vertical drying oven. There they 
are painted with a core wash having a specific gravity of 32° Bé. After the 
core wash has been applied, the cores are dried in an oven before they are set 
into the body cores. Rocker arm and other small cores are inspected and 
dipped in a proprietary core wash containing ammonium acid fluoride and 
ammonium borofluoride. These cores are dried in an oven prior to being used. 

48. Dry Pasted Cores: After all cores have been thoroughly inspected, the 
center core is pasted in the drag core along with the block core. Here an 
overall gauge is used to assure proper setting of center core, and the assembly 
moves down the conveyor and into the vertical drying oven which dries the 
pasted cores at a temperature of 330° F. in a 2-hr. cycle. This oven also is 
fired with fuel oil or gas. 

49. When the cores are ready to leave the drying oven, they are set down 
on roller conveyors that project into the oven. The cores are puiled from the 
oven and are ready for the final assembling operations before pouring (Fig. 
11). On this conveyor, both cope and drag cores are blown out thoroughly 
and again inspected for dirt and defects. 

50. Assembling the Cores: After passing this rigid inspection, the rocker- 
arm box cores are sprayed with a rubber compound, which is a gas producing 
element that assists in cleansing the metal. The rocker-arm cores then are 
placed in location and gauged to make certain that they are in the correct 
position. Following this, a carbon deposit is applied on the fin areas with 
acetylene gas. This carbon deposit acts somewhat as a cushion and assists the 
metal to flow freely on the relatively hard surface of the core. 

51. The pin cores are inserted in position and the entire assembly of cores 
is moved to the end of the conveyor where paste is applied on the joint of the 
drag. The cope is picked up with special tongs actuated by an air-cylinder 
hoist and is placed directly over the drag and the mold closed. The assembly 
then is ready for the final closing operation. (See operation at left in Fig. 11). 

52. The closed mold is next rolled onto a tip-up fixture which, after the 
halves have been tightly clamped together, lowers and tips the mold into a 
vertical position. Another operator, using an air hoist, lifts the assembled mold 
off the fixture and places it on the nearby power-operated mold conveyor. 
(See operation at right in Fig. 12). The mold is then ready for pouring. 
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PROPERTIES OF ALLOY USED 


53. The particular aluminum alloy used in casting air-cooled aluminum 
cylinder heads is A.M.S. 4220A (Aeronautical Material Specification). It is 
similar to “Y” Alloy and Alcoa XA142, and has the specified ranges of compo. 
sitions shown in Table 4. 

54. “As cast” the alloy is subject to dimensional changes on heating. To 
reduce this tendency and to improve the strength of the metal, all castings are 
subjected to a solution-precipitation heat treatment. This is discussed in detail 
later, coming under “Heat-Treating Practice.” : 

55. Minimum physical properties under this specification on heat-treated 
tensile test bars cast in green sand molds are: 


Tensile Strength, psi 29,000 
Elongation in 2 in., per cent 1.00 


Brinell hardness on castings as heat treated is specified as 75-90 (1000 Kg. 
load, 10 mm. dia. ball). 


GATING PRACTICE 


56. For some time before actual production was begun, experiments were 
made as to pouring methods. In these experiments, castings were gated in the 


following ways: 
(A) Pouring one-up down through the riser.* 
(B) Pouring two-up down through the riser.* 
(C) Pouring down through the rocker arm boxes through sprues out- 
side the core. This method necessitated additional cores and metal. 


57. Then began a series of tests and investigations of various locations and 
manners of gating out of which evolved the present practice. This mode of 
gating consists of pouring down through the riser at the joint on either side of 
the casting. (See operation in center in Fig. 12). This method has at least 
three advantages: (1) It reduces the weight of the remelt metal to 45 per cent 
of the actual weight of the rough casting, (2) little difficulty is experienced in 
completely running the fins, and (3) several cleaning operations are eliminated. 
The original layout of the melting department was made on the basis of a 
given hourly production but, with the present method of gating, production 
was rescheduled at a considerable increase, using the same facilities. 


MELTING DEPARTMENT 


58. The melting department consists of nine 1000-lb. capacity, hydraulic- 
tilting pot-type furnaces. Furnaces are arranged in pairs in such a manner 
that one hydraulic pump and one air blower accommodate two furnaces. (See 
left in Fig. 12). At present, oil firing is used; previously, natural gas had been 
used. Natural gas is preferred for ease of starting and control—especially 


*These methods are used on smaller sized air-cooled cylinder heads. 
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Table 4 
CoMPOSITION RANGE OF ALUMINUM ALLOY 


Element Per Cent 
Copper 3.7 -4.5 
Nickel 1.8 -2.3 
Magnesium 1.2 -1.7 
Chromium 0.15-0.25 
Titanium 0.07-0.18 
Silicon 0.60 Max. 
Iron 0.80 Max. 


desirable with women furnace helpers. (Personnel of this department is all 
women, with the exception of men employed for pouring). One gas burner 
is used on each furnace for starting and for holding temperatures during 
pouring within + 5° F. in the melting pot. 

59. Melting Pot Care: Metal is melted in cast iron pots bolted in place in 
the furnaces. These melting pots are thoroughly cleaned after each melt before 
the next heat is charged. Periodically the inside of the melting pot is coated 
with a proprietary wash to lessen iron pick-up. Thermocouple protection tubes 
and all tools are cleaned and coated with this wash after each use. 

60. Temperatures Recorded: Each individual furnace is equipped with a 
disk-type, continuous temperature recorder. The recorder face has bold-faced 
graduations that permit accurate reading from the front of the furnace and 
up to 20-25 ft. away. Chromel-alumel thermocouples, enclosed in cast iron 
protection tubes, are used in the melting pot. 


MELTING PRACTICE 


61. The charge consists of a liquid “heel”, 35-40 per cent remelt pig metal 
and 60-65 per cent prime pig metal, plus an addition of 0.8 per cent of a 2.5 
per cent titanium-aluminum alloy added for grain refinement just prior to 
pouring. A typical charge is as follows: 

Lb. 
Liquid heel (from preceding melt) 50 
Remelt pig metal 
Prime pig metal 
2.5 per cent titanium-aluminum alloy 
Total charge 


Fifteen (15) castings are poured from each melt. 


62. After melting, the charge is heated to 1200-1220° F., and the tempera- 
ture permitted to stabilize. A current of pure anhydrous chlorine gas is bubbled 
through the metal for 10 min. to remove impurities, especially hydrogen gas. 
Chlorine gas is piped from an outside ventilated storage room to the melting 
pots where it is bubbled through the molten metal. 

63. This chlorine system is protected against leakage near the furnaces by 
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a safety valve operated from a pull chain running the full length of the 
overhead exhaust hood. A jerk on the chain instantly shuts off all chlorine 
flow. The chlorine and other vapor produced by the fluxing are removed 
through the side hood and overhead exhaust system provided. 

64. The charge then is heated to 1370-1380° F., and the dross is skimmed 
Titanium-aluminum alloy is added and mixed into the melt (Fig. 13). Metal 
then is ready to pour. 


PouRING PRACTICE 


65. Metal is poured from the melting pot into two, 30-lb. capacity, cast 
iron ladles. The metal temperature is checked with a portable potentiometer 
and a bare, open-end chromel-alumel thermocouple. With this set-up, ladle 
temperatures of 1350-1355° F. can be read with accuracy in 3 to 5 sec. The 


metal surface is skimmed very carefully, ladles are placed in position, and the 


metal is poured. The actual pouring requires 11% to 2 sec. In almost even 
instance where pouring is done at a slower rate, some misrun fins result. Along 
with speed of pouring, smoothness of action is required. 

66. Castings are poured on a continuous, moving, car-type conveyor, the 
speed of which is regulated to bring the next mold into pouring position by 
the time the pourers are ready to pour again. Conveyer shut-off switches are 
provided at various convenient locations for starting or stopping the conveyor 
when necessary. 

67. The 50-60 lb. of metal remaining after all 15 castings have been poured 


Fic. 13—Batrery or ALUMINUM MELTING FURNACES. 
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‘; held in the pouring ladles, while the furnace is scraped clean, and then 
returned to the melting pot to act as a “heel” for the next melt. This “heel” 
provides more uniform melting of the first pigs. The combined melting and 
pouring cycle required is 34 hr. for the first heat in a furnace, and 2% hr. 
for additional heats. 


CONTROL OF METAL 


68. A permanent record is kept of each melt made on a convenient form 
called the “Melting Work Sheet” (Fig. 14). This record contains various 
information on melting pot performance, charge, temperatures and other 
pertinent data. Records of this nature have proved very useful in tracing 
down and eliminating sources of scrap. 

69. At the shake-out, each casting is stamped with a number corresponding 
to the particular melt from which it was poured, and another number 
indicating in what location in the melt. Thus, 816-10 would represent the 
tenth casting poured from melt no. 816. 

70. Three tensile test bars and one spectrographic analysis disk are poured 
from each melt. These test pieces are stamped with the number of the 
particular melt from which they were poured. The analysis disks are sent to 
the metallurgical laboratory for analysis (Table 5) and the tensile test bars 


Date 11-18-43 Melt No. ____ 860 __ 
Furnace 1 Ass't. _A. DP. Fire On 7:15 
Shift F__ Pourers R.E.-E.S. Finish 10:45 

Pot iO. No. Heats _40 TOTAL TIME __3. B30 M 


ie 
rE 


FURNACE OUTPUT 


No. Cstgs. 15 


Pemelt Pig 16 380 ® No. Test Molds 2 
welt Wo. 
Heel Melt 856 50 " 








Ti-Al-Pig = | ” 





POURING TEMPERATURES — 
Pot 1380 OF 
Ladles (°F) 
9 1355 
1G _1355 
1l __1355 
12 _ 1355 
13 1355 
REMARKS: 3 14 __1350 
15 __ 1350 
16 __ 1350 


Totel Cherge 1008 ® 





FLUXING 
Mt 
Chlorinsted 9:55 PM 
Chlorinated 5 Min. 
Tempereture 1210 oF 

















SIGNED 
. 14—Mettinc Worx Sueet ror ALuminum Founpry. 
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Table 5 
AVERAGE MELT ANALYSIS 


Element Per Cent 
Copper 4.0 
Nickel 2.0 
Magnesium 1.46 
Chromium 0.20 
Titanium 0.17 
Silicon 0.33 
Iron 0.55 


are sent to the heat-treating department to await arrival of the castings from 
the same melt from the cleaning department. Castings and tensile bars are 
heat treated together 


71. The copper occurs as the compound CuAl, and as the ternary alloy 


Al-Cu-Ni. The copper provides certain of the strengthening resulting from 
heat treatment. The nickel occurs as NiAl; and Al-Cu-Ni and improves the 
high temperature properties of the alloy. 

72. The magnesium provides certain hardening and strengthening effects 
and occurs as Mg.Si. Titanium and chromium act to refine the grain size of 
the metal. 


_ 


73. Samples are taken from all heats of prime and remelt pig metal for 
examination of porosity, inclusions, and chemistry. 

74. One or more pilot melts are run on each new heat of both prime and 
remelt pigs before any additional pigs are used. In this manner it is possible 
to determine whether or not any special variations from standard procedure 
will be necessary. 


REMELTING PRACTICE 


75. Remelting of risers and scrap is done in a 20,000-lb capacity, oil-fired 
reverberatory furnace. Total time of a heat is approximately 8 hr. from start 
to finish. 

76. Charging: Lighter material is charged into the hot furnace and is 
covered with heavy risers and pigs. This order of charging provides a cover 
for the lighter metal. Approximately 10,000 lb. of metal are charged into the 
furnace in preparation for the heat of the following day. 

77. The furnace is lighted at 6:00 a.m. and is ready for additional mate- 
rial of the charge at 7:15 a.m. As the charge melts down, more additions are 
made and dry flux agent is added from time to time. 

78. Furnace Practice: When all metal has been added, the heat is turned 
on and the metal is completely melted. The charge is rabbled intermittently 
to loosen material from the furnace floor. When all metal has been melted 
and temperature reaches about 1150° F., a thermocouple is inserted and heat- 
ing continued to 1225-1250° F. A chromel-alumel thermocouple in a steel 
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protection tube and a disk-type, continuous potentiometer recorder is used 
for temperature measurements. 

79, Additional dry flux is added and stirred into the metal to remove 
oxides, gases and other impurities. This operation is continued for 15 min. 

30. The metal is then heated to 1325-1350° F. and carefully skimmed. 
Dross is dragged out of the large side door into a refractory lined dross buggy 
having drain holes at the bottom. A refractory lined cover is placed later 
oer the top of the buggy to aid in retention of heat and exclusion of air. This 
permits particles of metal entrained in the dross to remain liquid and seep 
down through the dross and collect in pans placed beneath the drain holes. 

81. After skimming is completed, about 50 Ib. of pure magnesium metal 
is added to the remelt. This addition raises the magnesium content of the melt 
to about 1.55 per cent, which is within the required specification. 

82. Magnesium Additions: The magnesium pig is put into a 6-in. square 
box made of %-in. steel plate perforated with %-in. holes. It is closed at one 
end and welded to a handle. The other end is open to permit insertion of the 
magnesium pig. The tool is then placed in the bath and held under the metal 
urface and swung in an arc to mix into the metal. After all the magnesium 
has been added, the bath is rabbled for an additional 5 min. to insure more 
uniform distribution of the magnesium. 

83. Tapping: Next, the tapered cast-iron tap-hole is knocked loose and 
the metal is run into a pouring basin. Pigs are poured on a moving conveyor, 
three pigs being poured at one time. Pigging is automatic, the pouring basin 
being tilted to a standard position and remaining in that positon until comple- 
tion of pouring. Pouring holes are provided with spouts that pivot, permitting 
the spouts to rise and fall in passing from one set of pigs to the following. 

84. The Mold Conveyor: Most of the pig mold conveyor runs in a ven- 
tilated pit and the aluminum pigs are cooled by a suction fan. At the discharge 
end, the pig molds fall forward and strike an obstruction which loosens the 
pigs, causing them to drop into a chute, whence they are loaded onto flats. 
The conveyor molds pass down through a controlled water spray for further 
cooling and then up past the pouring basin to begin another round. 

85. After cooling to room temperature, pigs are taken to scales for weighing 
and are then divided into loads for charging into the melting pots, after their 
chemical analysis has been approved. 

86. A permanent record of each remelt heat is made (Fig. 15). This 
work sheet indicates all additions, temperatures, and other pertinent data. 

87. Spectrographic analysis disks are poured in permanent molds every 
20 min. to check uniformity of analysis. Samples are cut from pigs for exam- 
ination for porosity, inclusions and similar defects. 


CLEANING 


88. Poured molds on the conveyor move around to the shake-out after 
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Fic. 15—Remett Workinc SHeet ror ALUMINUM FouNpry. 


approximately 2 hr. of cooling. They are picked up by an electric hoist, 
rolled over, and placed on the vibrating shake-out. This shake-out action 
instantly breaks away the major portions of sand, but leaves the sand between 
the fins. 

89. Shake-out Fin Sand: An additional shake-out unit, therefore, had to 
be developed to remove this fin sand. The machine was so designed that four 
chipping hammers are forced up under the head by air cylinders until the 
blunt chisels contact the combination riser and pouring basin. The air is 
turned on and the hammers completely loosen the fin sand in 30 to 45 sec 
The head is removed from the vibrator, stamped for identification and hung 
on the overhead conveyor for cooling (Fig. 16). 

90. Riser Removal: A 36-in. metal-cutting band saw, equipped with a 
clamp fixture and pull cylinder, is used to cut off risers. The operator removes 
a head from the conveyor, places it in the fixture, starts the saw and air cylin- 
der, and steers the head while the cut is made. A very slight amount of cooling 
fluid is dripped on the blade (Fig. 17). 

91. The blade life, originally 20 to 30 heads, has been increased by careful 
saw setting and sharpening to more than 100 heads. The saw speed, orig- 
inally 3000 ft. per min., had to be reduced to approximately 1800 ft. per min. 
to eliminate saw failure. 
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Fic. 16—SHAKE-OUT AND IDENTIFICATION STAMPING OF ALUMINUM CYLINDER Heap CastTINGs. 


Fico. 17—Tuirry-stx In. Banp Saw Curttine Risers rrom Cytinper Heap Castinas. 
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92. After the riser has been removed, the head is unclamped and placed 
on the belt conveyor for delivery to the stand grinder. 

93. Grinding Operations: The heads are fed from the band and circular 
saws on an 18-in. belt conveyor to the stand grinders where rough grinding js 


done. The stand grinding machines are equipped with a 15 hp, 1800 rpm 


motor, two 2-in. thick 20-in. diameter resinoid bonded wheels, and special 
work rests. The operator grinds off excess metal at the parting, rocker boxe; 
and exhaust ports. Following this operation, the head is placed on a bench 
where the intake port is finish ground with a portable tool. 

94. Blast Cleaning: All of the heads next undergo a thorough blasting in 
a table-type blasting machine. This machine is equipped with twelve 18-in, 
diameter revolving tables to spin the heads and two blasting units, using no. 60 
grit. The heads are blasted in three different positions and are then removed 
and placed on a section of roller conveyor which runs to the preliminary clean- 
ing line. All of the work on the preliminary casting cleaning line is done by 
women. Although the casting weighs approximately 38 lIb., the operations 
are lightened by the use of special tools, vises and fixtures. 

95. Chipping and Fin Grinding: The head first is chipped with pneumatic 
chisels to remove excess metal not touched by the stand grinder. Then it is 
placed on a belt conveyor and moved to the fin grinding operators. This 
operation is done on three special machines designed to grind out metal fins 
left at the mold parting. The machines are indexed manually. (See opera- 
tion to right in Fig. 18.) 

96. Other operations on this line are performed with small, high-speed 
pneumatic grinders. These tools are used, with suitable bits, reamers and 
routers, to clean all sections of the rocker box, ports, etc. This work is 
inspected and, if approved, the head is placed on a conveyor for water testing. 

97. Water Test: The water test operation is located at the end of the 
preliminary cleaning line so that scrap heads may be rejected before the final 
cleaning is started. The casting is removed from the conveyor and placed ina 
special fixture where it is clamped and sealed with steel-backed rubber pads. 
Seventy psi. air pressure is applied and maintained inside the head and the 
whole fixture is lowered into a tank of water for testing. Any leaks are 
instantly disclosed by a stream of air bubbles. (See operation at left in Fig. 19. 

98. Final Cleaning: Final cleaning also is handled entirely by women. 
As in the preliminary line, the heads are mounted in vises to simplify handling 
and decrease fatigue. The castings are cleaned thoroughly inside the valve 
ports, between the fins and over the entire exterior, with files, burrs, and ream- 
ers. Any imperfections are cut out and carefully blended to remove sharp 
corners or tool marks which would present a focal point for fatigue failure. 

99. The company with which the author is associated has been able to 
greatly decrease cleaning time by using a very fine close-grained facing sand. 
This sand makes a smooth casting which cleans up remarkably well with only 
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Fic. 18—Grinpinc Fins on Cyuinper Heap Castinos. 


brief blasting. Coarser sands would have forced the cleaning room to ream 
the surfaces of all fins and greatly increase costs. 


100. All castings are inspected and then are loaded into racks for heat 


treatment. 
Heat TREATING DEPARTMENT 


101. The heat treating department consists of recirculating, electrically- 
heated, batch-type furnaces. Each furnace is provided with an individual 
roll-type recorder control. A special instrument automatically shuts off the 


. 19—Lerr—Warter Testinc Cyiinper Heap Castinos. 
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electric power on the particular furnace, if the temperature goes above a cer. 
tain maximum. This prevents overheating and possible melting of the cast. 
ings in the furnace, should the recorder control fail to function properly and 
allow temperatures to rise too high. 

102. A timer is connected in each furnace circuit to measure the elapsed 
time after the load reaches temperature. The moment a furnace is started 
a red colored lamp flashes on above the particular recorder panel and remain; 
on during the heat treament. At the end of the period set on the timer, the 
red colored lamp flashes off, and a white colored lamp lights, indicating com- 
pletion of the treatment. Another control instrument indicates the per cent of 
power capacity being used, thus providing a check on the heating equipment. 

103. The furnaces are built on foundations below floor level so that the top 
of the furnace protrudes about 21/2 ft. above the floor level. This greatly facili- 
tates handling and inspection. 


Heat TREATING PRACTICE 


104. Castings are loaded on racks with proper spacing to permit free and 
uniform circulation of the heating atmosphere. Sixty castings, together with 
the tensile test bars of the same melts, are loaded on a rack. The loaded rack 
is lifted and carried by an overhead mono-rail crane and lowered into a solu- 
tion treatment furnace. The power is turned on and the automatic timer is set. 

105. Quenching: The white colored lamp flashes on at the end of 6 hr. 
at 960° F., indicating that the load is ready for the quench. The loaded rack 
then is removed from the furnace and lowered into an enclosed quenching 
fixture. A turntable revolves the load in the quenching medium, thus provid- 
ing for more uniform cooling. An exhaust fan removes the circulating air. 
The enclosed quench fixture, open only at the top, causes air to be drawn down 
over the revolving rack and then out through the exhaust fan. 

106. Precipitation Treatment: The castings are cooled to room temperature 
in about 11% hr. and then are placed in a precipitation treatment furnace for 
4 hr. at 480° F. After the precipitation treatment is complete, the rack is 
removed from the furnace and placed aside to cool in still air. 

107. After treatment, the castings are stamped with identification numbers 
to identify both heat and heat treatment and are again blasted in a table-type 
machine using no. 90 grit to give the desired finish. This second blasting 
operation is required to remove discolorations caused by heat treatment. 

108. Heat Treated Properties: The heat treatment results in average phys- 
ical properties as follows: 


Tensile Strength, Elongation in Brinell Hardness 
psi 2 in., per cent (1000 kg. load) 


Separately cast 

test bars 33,500 1.0 85 
Test bars machined 

from castings 21,750 1.0 82 
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109. Microstructure: Figure 20 shows the microstructure of the alloy in 
the as-cast state at x100 while Fig. 21 shows the structure at x500. Figure 22 
shows the microstructure of the alloy in the solution treated and quenched 
condition at x500 and Fig. 23 the microstructure of the precipitation heat 
treated alloy at x500. 


Fic, 20—PHoromicrocraPH SHOwING Structure or “‘As Cast’? ALUMINUM ALLOY. ErcuHep. MAoNrrica- 
TION X100. 


Fic. 21—Same as Fic. 20 sur Macnirication X500. 
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110. All samples were etched with 0.5 per cent hydrofluoric acid. Com. 
parison of the as-cast structures (Figs. 20 and 21) and the as solution treated 
and air quenched structure (Fig. 22) reveals the disappearance of the feathery 
constituent (CuAl,) in the grain boundaries and the disappearance of certain 
of the dark (Mg,Si) particles. The larger Mg,Si particles are rounded at 
the edges but not entirely dissolved. The NiAl; and Al-Cu-Ni microconstitu. 
ents are apparently unaffected. Figure 23 shows the darkened appearance 
of the structure after the precipitation treatment. The darkened appearance 
is attributed variously to the method of polishing and precipitation of CuAl.. 


FINAL OPERATIONS 


111. Milling Locating Points: Following final heat treatment, the castings 
are cleaned by an air blast and are rolled down a conveyor to a layout fixture. 
Due to the rigid inspection requirements, each head is laid out and scribed to 
check casting accuracy. The layout fixture is mounted on a milling machine 
so that machine locating points can be milled after the casting is checked. 
This milling operation provides a definite set of locating points which are used 
in the first machining operations to great advantage (Fig. 24). 

112. Castings and tensile test bars, when cool, are stamped with a number 
representing the particular load in which they were heat treated. One tensile 
test bar is broken by the metallurgical laboratory and the remaining two bars 
are available to the purchaser. 





Fic. 22—PHoromicrocraPH SHOowinG Structure or ALUMINUM ALLOY AFTER SOLUTION TREATMENT AND 
Quencuinc. Ercuep. Macnirication X500. 
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Fic. 23—PHoromicrocraPH SHOWING Srrucrure or Preciprration Heat Treatep Atuminum ALLOY. 
Ercuep. Macnirication X500. 


Fic. 24—Layout Fixture Mountep on Mituino Macuine. Arter Castine Is Creckep ror AccurRACcY, 
Macuine Locatine Pornts Are MILLep. 
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113. Brinell Hardness Test: After milling, the heads are again placed on 
a roller conveyor and moved down to the hardness checking machine. The 
Brinell testing machine is a three-column, automatic, direct reading machine 
equipped with a special stand to hold the head. The operator inserts the head. 
steps on the pedal, and the machine automatically raises the head, exerts the 
pressure and gives the reading on a dial indicator. (See operation at left in 
Fig. 25.) The cylinder head must be within a hardness range of 3.7-4.0 mm. 
diameter impression with 1,000 Kg. load. 


Fic, 25—Lerr—Brinett HarpNness TEsTiING MACHINE, 


114. Final Inspection: All of the castings are thoroughly inspected after 
the hardness check and, when approved, are stamped and packed into indi- 
vidual shipping cartons ready for shipment. 
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The Mechanized Production of Aluminum 
Gravity Die Castingst 


By JouHNn Vickers*, GREAT BRITAIN 


Part |—Technical Developments 


INTRODUCTION 


1. Speaking broadly of the aluminum alloy castings on the liquid cooled 
aero-engines produced by Rolls-Royce Ltd., experience invariably has shown 
that where a part could be produced as a gravity die casting, many advantages 
were possible over sand castings. 


2. The principal of these can be summarized as follows: 


(a) Smoother finish and closer dimensional accuracy. 
(b) Greater possible speed of production. 

(c) Conservation of raw material. 

(d) Reduction of production scrap. 

(e) Improved mechanical properties in the casting. 


3. For these reasons, Rolls-Royce Ltd. have adopted the policy of produc- 
ing as many as possible of the castings on the Merlin engine by die casting, 
and the extent to which this has been carried out may be gauged from the 
fact that, of the 130 castings on the engine, 103, or nearly 80 per cent of the 
total, are produced as gravity die castings. 

4. However, the cost of manufacture of the die, or permanent mold as it is 
sometimes termed, is frequently more than that involved in the manufacture 
of the necessary pattern equipment for the production of castings by the sand- 
cast method, but, if the quantities required of a particular casting would war- 
rant the expenditure on a die, the reduced cost per casting would soon write- 
off the difference in cost of the two types of tooling, and the part could then 
be looked upon as a potential die casting. 


*Foundry Manager, Rolls-Royce, Ltd., Glasgow. 

tOfficial Exchange Paper of the Institute of British Foundrymen presented at an Aluminum and 
Magnesium Session of the 48th Annual Meeting, American Foundrymen’s Association, Buffalo, N. Y., 
April 26, 1944. 

Nore: In the United States, die casting is known as “‘Permanent Mold Casting.”’ 
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Dre DEVELOPMENT 


5. When a drawing is presented to the foundry for the production of cast. 
ings, it is the responsibility of the foundry chief inspector, being fully conversant 
with engine development, to insure that the drawing is of the latest issye. 
Whether or not further inquiries into the prospect of producing castings by the 
gravity die-cast method are justified depends upon machine shop requirements. 
and this position must also be ascertained by him before the drawings can be 
released for further investigations. 


6. Having passed satisfactorily the aforementioned inquiries, the drawing 


is accepted by the die development department, where the responsibility rests 
for the determination as to whether or not, mechanically and metallurgically, 
it is possible to produce the castings required as die castings. Where the part 
does not lend itself to die casting, due to the presence of awkwardly placed 
undercuts, etc., endeavors are made to have the design modified, without 
materially impairing the technical value of the casting, to make possible its 
manufacture by gravity die-cast methods. 


Die Design 


7. The essential and all-important organizational feature of the Rolls. 
Royce staff set-up is the fact that the chief die designer is also responsible for 
the control of the experimental die foundry, which will be described later, but 
of which it should be worthy of note at this stage that every die must be 
passed out with an approved technique and producing perfect castings, dimen- 
sionally, radiologically and mechanically, with not more than 5 percent scrap 
over a run of 100 castings (min.). 

8. The practicability of the proposed die casting having been ascertained, 
the chief die designer then determines the gating system, together with the 
position of the die parting, the location and direction of extraction of cores, 
the method of release of the casting from the die, general die shape and thick- 
ness, etc., passing this information on to the foundry die drawing office, who 
proceed with the completion of the detail drawings for the die. 

9. Where it has not been found possible or necessary to have modifications 
made to the general design of the casting to simplify production, the decision 
is also made at this stage, by the chief designer, as to whether the die will 
incorporate multipiece cores or result in a semi-diecasting, i.e., making use of 
sand cores. The use of sand cores is discouraged for various reasons, principally 
because by adopting this method a certain degree of accuracy is lost through 
core location and, also, the presence of an oil-sand core results in the genera- 
tion of core gases present during casting—a feature which is avoided as far 
as possible. 

10. The extent to which this policy of eliminating the use of sand cores 
has been applied can be seen from the fact that, of the 103 diecastings on the 
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Merlin XX engine, only nine, or 8.7 per cent, have their internal passages 
formed by the use of sand cores. 


Die Drawing Office 

11. In order to utilize, to the fullest extent, semi-skilled and trainee labor 
in the foundry tool room in the manufacture of the die, the policy of the 
foundry drawing office, when preparing for detail drawings, is to make fully 
detailed drawings of all the die components, having them cross referenced with 
the indexed general arrangement drawing. Originally, this plan was operated 
as an experiment with the main object of conserving skilled toolmaking labor, 
but the results proved that, in addition to considerably easing this particular 
problem, other equally important advantages became apparent, viz., increased 
speed of diemaking with the manufacturing cost greatly reduced. The pro- 
cedure from that date was automatically incorporated in the die drawing office 
routine. 

12. Another point demanding special attention is the fact that all runners, 
gates and risers are accurately dimensioned, to which sizes the toolroom must 
work instead of, as in normal practice, leaving this, to a certain extent, to the 
discretion of the diemakers. 

13. Before a drawing may be released to the toolroom for commencing 
manufacture it is meticulously checked, first by the chief draftsman, who will 
satisfy himself upon the dimensional accuracy, then the chief designer will 
check the design and initial his approval that the drawings are in accordance 
with his instructions. The final approval must be received from the foundry 
manager before the toolroom superintendent will accept the design as official 
and proceed with manufacture. A typical stamp showing the information and 
approval signature is shown in Fig. 1. 

14. During the process of manufacture of the die in the toolroom, any 
alteration or modification found to be necessary or advantageous must first 
receive approval from the die designer before incorporation in the die. The 
details of these adjustments are then passed to the drawing office so that the 
original drawings may be brought up-to-date. 


Experimental Die Foundry 
15. On completion, the die, fully assembled, is passed by the toolroom to 
FOUNDRY SECTION. 


owaey Me OF sraets 


CwEcate 


FRONT, — | armors 
DRAWING No. 175. 


Fic. 1—Typicat Drawino Stamp SHowinc Approvat SIGNATURES. 
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the experimental die foundry, where it is fully tested. As a result of this test. 
ing, the most suitable technique is developed for production, and all the most 


important factors, such as: 


(a) Die coating and it application 
(b) Pouring temperature of metal 
(c) Die temperature 

(d) Method of pouring 

(e) Production time cycle 


are firmly established and recorded for the use of the production foundry. 

16. Then, in order to prove the die, one sample casting is passed to the 
inspection department for marking up to the casting drawing and thereby 
checking the dimensional accuracy of the die, while a radiological exam 
ination is carried out on a further sample, or samples (dependent upon the 
size of the job), to ascertain that faults not visible to the naked eye, such as 
internal porosity, shrinkage, blowholes, etc., are not present, thereby confirm. 
ing that the gating system and general production technique for the die is 
satisfactory. 

17. Upon receipt of a satisfactory report from both dimensional and 
radiological examinations, the final production conditions, under which the 
castings had been produced, are tabulated as a form of standard layout, to 
which a trial batch of at least 100 castings is produced with, as stated pre- 
viously, not more than 5 per cent rejects. 

18. The responsibility of the chief designer and the die development 
department on this particular die normally terminates with this verification, 
and the die, together with the relative tabulated data, can then be officially 
released to the production foundry. 


TypicaAL PropucTion EXAMPLES 


19. In order that the reader can appreciate more fully the work involved 
up to this stage, we have illustrated briefly the production technique (Fig. 2) 
and general points of interest in connection with different types of representa- 
tive dies for Merlin engine parts. With each item is given photographs and a 
description of the special features of that production part. 


Front Gear Case Cover 


20. The die shown in Fig. 3 for producing front gear case cover castings 
illustrates, to a large extent, the advantages to be gained by die casting and the 
possibilities of the process. 

21. This die embodies many important features in die design and con- 
struction which are worthy of note. It is very necessary to realize that, when 
considering a job of this description as a potential die casting, the greatest 
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GRAVITY DIE CASTINGS 
STANDARD PRODUCTION TECHNIQUE 


DESCRIPTION Cover Plate and Guide, 


DIE PREPARATION 


F.3.14 Die-coat to be used - Normal applications to die cavity and cores, 
Heavy coating to be given to risers, 

All bearing surfaces to be lubricated with colloidal graphite, 

After each cast, all cores and pick-off pieces to be plunged into colloidal 
graphite, to facilitate their easy removal from the casting. 

Asbestos insulation on outside of die blocks to be renewed periodically, 


CASTING TECHNIQUE 





DIE TEMPERATURE 300 - 350°C 





POURING TEMPERATURE] 710 - 720°C 





POURING TIME 5 seconds 














Metal to be poured smoothly down sloping runner, 
To avoid wrenching, pick-off pieces to be tapped with small mallet when 


removing from casting. 
Clearance of vent plug to sand core to be verified prior to casting to 


ensure that core gases do not enter the casting. 
PRODUCTION STATISTICS 





NO. OF CASTERS 2 JCOouNs TIME 
CASTING CYCLE TIME | 5 minutes Jeate PER HOUR 




















JBonus TIME ALLOWANCE 24 minutes} 





INSPECTION REPORT ON TRIAL BATCH OF— 100 





QUAN 
INSPECTION SCRAP REASON FOR REJECTION 


Chalk Test 5 Surface cracks under top flange caused 
through wrenching loose nieces on removal) 





Pressure Test 


Pinel Dimensional] Nil, 

















TOTAL PERCENTAGE SCRAP— § ISSUED BY W, R, Hincheliffe DATE 20-8-42 


Fico. 2—Exampte or Stranparp Layvout or Propuction TecHNigue. 


technical and economical advantages are to be gained by close co-operation 
between the die designer and the production engineer with a view to eliminat- 
ing, as far as possible, undesirable features such as undercuts and abrupt 
changes in section. In the case of the gear case cover, a very nasty internal 
flange, which would have meant a collapsible internal core, with the conse- 
quent increase in initial die cost and decreased rate of production, was 
removed to the outside where it was easily molded; this without affecting the 
technical value of the castings. 

22. A substantial base, constructed in box form for purposes of rigidity 
and as a means for housing the ejector mechanism mentioned |ater, constitutes 
the major portion of the die. On this base are located two main die blocks 
forming the outer profile of the casting and location for the top core. Means 
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Fic. 3—GeneraL Construction oF Dre ror Fronr Gear Case Cover Castine. 


are also provided for operating these blocks mechanically in the form of a 
rack and pinion movement. An insert secured in the die base forms the 
bottom of the casting. 

23. Ejection of the casting is effected by means of a number of ejection 
pins spaced uniformly around the casting and connected to a steel plate in 
the base of the die, the mechanism being operated through the action of two 
racks secured to the plate and meshing with pinions on a shaft which has a 
lever attached and projects out of the side of the die. Sufficient pressure can 
be applied on this lever by one man, thereby ejecting the casting without distor- 
tion or cracking. The object in mechanizing the die in this way is to avoid 
the introduction of brute force in the operations, thereby resulting in reduced 
fatigue to the workers with consequent increased rate of production. 

24. The intricacy of contour of the inside of the casting, by the existence 
of the strengthening webs noticeable in the illustration (Fig. 3), makes it 
essential to provide the best possible venting condition in the die cavity. In 
this respect, a study of the construction of the top core is interesting as it is 
split up into four main sections, the joint lines corresponding to the center 
lines. of the strengthening webs. Thus, the provision of vent grooves along the 
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joint faces is facilitated, thereby allowing the air in the die cavity to be easily 
displaced by the incoming metal without the caster having to resort to the 
method of forcing or flushing the metal into the mold, a practice which is dis- 
tinctly bad. 

25. Figure 4 shows the construction of the core and the method of venting. 
It will be observed that the four separate pieces are located relative to each 
other by means of dovetail pieces, thus eliminating the necessity for screws and 
dowels to hold the pieces together. The assembled core is then secured to a 
cast iron top plate, which also serves as a lever plate for removing the core 
from the casting. This method of construction enables the core to be dis- 
mantled easily and rapidly for purposes of cleaning and coating. 

26. The nature of the alloy being cast demands that adequate head metal 
be provided over all heavy sections to replace shrinkage during solidification, 
and for this reason a heavy riser has been placed around the circumference of 
the casting to feed the thick flange and the heavy bosses thereon. The three 
heavy bearing bosses and adjacent oil passage bosses in the bottom of the cast- 
ing are fed from the three conical risers shown. All heavy bosses which are 
isolated from the feed and which can not be fed directly by ordinary methods 
are chilled by removing, locally, the insulating die coating at that section of 
the die. 

27. In order to obtain sound castings, the foremost condition, which must 
be very rigidly adhered to, in the manufacture of high class castings is that 
the metal must enter the mold cavity in the form of an unbroken stream with 
the absolute minimum of turbulence. 


Fic. 4—Construction or Top Core ror Front Gear Case Cover Castine anp Meruop or Ventino. 
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28. The ideal way to accomplish this is to direct the metal through a 
running system down to the bottom of the mold and allow the die to fill by 
displacement. Certain designs of castings lend themselves to this method but, 
in the instance of the gear case cover, this method is impracticable so that 
alternative methods have to be used to achieve the same end. Furthermore. 
the plate-like form of the casting accentuates the difficulties due to the fact 
that, under normal conditions with the mold flat, it is impossible to maintain 
a uniform flow of metal across the mold cavity; instead, the metal stream 
breaks up into a number of smaller streams which, upon uniting, tend to form 
cold shuts and air inclusions. To avoid this tendency, the die has been pivoted 
on trunnions which permit it to be tilted at an angle at the commencement 
of pouring and gradually lowered to a horizontal position as pouring proceeds. 

Fig. 5). 

29. To convey to the reader the extent of the advantage gained by produc- 
ing this part as a die casting in preference to sand casting, the following data 
are given: 

Detail Sand Casting Die Casting 
Bonus time allowance to produce, min. 165 40 


Finished casting weight, Ib. 14 12% 
Labor cost per casting, dollars 0.808 0.221 


Coolant Pump Casing 


30. A gravity die of an entirely different nature, for producing coolant 
pump casings, is illustrated with a casting complete with runners and risers 
in Fig. 6. 


Fic. 5—Mertnop or Pourtnc Fronr Gear Case Cover Castine. 
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Fic. 6-—Construction or Coorant Pump Castine Die with Sanp Core. 


31. In this instance, the use of a sand core is necessary, which consequently 
presents the same problems as are experienced in the sand-casting process: 


(a) The provision of a suitable design of core print which will give 
accuracy and consistency of core location. 

(b) Adequate venting arrangements for drawing off the core gases 
generated during casting. 


32. Two sand cores are used in this die, one forming the involute passage 
of the pump, the other forming an undercut pocket in the bottom of the cast- 
ing, both representing cases where the use of steel cores would be impossible, 
nevertheless, still resulting in a considerable saving in time and expense over 
the normal sand-cast methods. 

33. Accurate location of the volute core is provided by means of a core 
set at each end of the core as shown, each core having the sets checked, in a 
special jig, for size in relation to the profile of the core before being released 
as suitable for the die. Venting is important on this core, as the normal tend- 
ency of core gases is to follow the course of least resistance and enter the metal, 
thus forming oxide inclusions and porous regions which would be revealed on 
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pressure testing the castings. A good artificial vent, therefore, is necessary, 
and is found in the center of the core. 

34. The small circular core, visible in the base of the die (Fig. 6), presents 
similar problems of location and venting, but in this case the difficulties of 
venting are accentuated by the fact that the core is entirely submerged under 
a thick layer of metal, resulting in there being only one exit for the gases, 
namely, through the core print. To influence easy core gas exit, the core js 
located on four tubular pins penetrating to its interior and extending through 
the base of the die into the atmosphere. 

35. The die consists primarily of a base, which forms half the Cavity and 
also contains underneath it an ejector gear, and two main die halves. The 
base is constructed in shallow box form and the whole assembly mounted on 
legs, thus constituting an independent unit. 

36. The circular core, besides forming the inside of the casting, also 
embodies a central conical riser which is necessary to feed a heavy boss in the 
botton of the die. 

37. The shape of the casting and the disposition of the thick and thin sec- 
tions is such that it lends itself to top pouring through the ring riser on the top 
flange. A smooth entry of metal is attained by pouring simultaneously down 
two risers, each inclined at an angle of 45°, while the heavy sections at each 
end of the volute are rendered sound by means of risers. Comparative details 
of producing coolant pump casings by both sand and die-casting methods are: 


Details Sand-Cast Die-Cast 
Bonus time allowance, min. 171.000 81.750 
Finished casting weight, lb. 5.015 4.630 
Labor cost per casting, dollars 0.483 0.146 


Boost Control Casing 


38. A good example illustrating the merits of gravity die casting is pro- 
vided in the case of the die, with a casting therefrom, shown in Fig. 7. Asa 
sand casting, this is difficult to produce under mass production conditions 
owing to the large number of separate cores necessary in the manufacture of 
the molds, with the consequent effect of increasing the cost and the risk of 
errors due to large number of operations involved. Furthermore, the presence 
of chill and core joint marks on the castings would result in a much inferior 
surface finish and accuracy. 

39. On the other hand, the design of the casting lends itself freely to die 
casting in that a simple die can be designed at a reasonable initial cost, 
capable of producing thousands of sound castings. 

40. The die is parted in three planes, corresponding to faces on the casting, 
which facilitates the use of an effective running system while maintaining ease 
of cleaning of the casting and simplicity in die construction. To avoid strain- 
ing the casting on opening the die, the three die blocks are actuated by means 
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Fic. 7—Construction or Boost Contrrot Casinc Die. 


of simple levers pivoted to the die base, light blows on the levers being sufficient 
to draw the blocks away from the casting with a parallel motion and with the 
very minimum of strain. 

41. It will be seen that top pouring through the riser has been adopted on 
this job, the reason for this being that, despite the fact that it would be exceed- 
ingly difficult and somewhat impracticable to incorporate an effective bottom- 
running system, the relative positions of the heavy sections demand progressive 
solidification from the bottom to the top with adequate liquid head metal to 
feed the heavy sections during solidification. Hence the top runner, which 
insures the hot metal being in the risers and the coldest metal in the bottom of 
the mold. With direct top pouring all the evils associated with turbulent metal 
become evident, therefore, in this case, to prevent the metal cascading over the 
intricate die cavity walls, the complete mold is tilted on a pivoted table at a 
steep angle at the commencement of pour and the metal introduced in a 
steady, unbroken stream, as shown in Fig. 8, the level of the table being 
returned to the horizontal position as the mold fills. The following tabulation 
shows the advantages of die casting over the sand casting on this part: 


Details Sand-Cast Die-Cast 
Bonus time allowance, min. 125.500 35.000 
Finished casting weight, lb. 3.928 3.687 
Labor cost per casting, dollars 0.450 9.142 


Rocker Cover Die 


42. This die illustrates what can be achieved in the way of manufacturing 








Fic, 8—Metuop or Pourinc Boost Contrrot Casinc Castinc. Notre Tittinc ANGLE aT Start oF Pourino, 


large castings of thin section, this particular casting being some 3¥2-ft. long, 
with a metal thickness of 0.15-in., and is, of necessity, made in an aluminun- 
silicon alloy possessing maximum fluidity. However, despite this property, 
auxiliary heating by means of gas burners placed below the base of the die has 
had to be introduced to assist the metal to run freely. The set-up of this die 
together with a casting therefrom is illustrated in Fig. 9. 


43. The metal is poured, as shown in Fig. 10, from two positions, a sloping 
runner being situated at each end of the casting and gated into the base of 
the feeding heads. This method is superior to pouring the metal directly down 
the feeding head in that it minimizes turbulence. Numerous risers are situated 
around the top of the casting for feeding purposes. 

44. The presence on the casting of a number of clamping-down lugs placed 
below the flange, to facilitate machining in the machine shops, has necessitated 
the use of drawback cores in the die base to enable the casting to be lifted out. 
By means of the mechanism shown in Fig. 11, which is actuated by a rack and 
pinion movement situated at one end of the die, all these cores are withdrawn 
simultaneously. Moving the longitudinal steep strap shown imparts the neces- 
sary motion, through cams and cam paths, to the cores. The top core forming 
the inside of the casting is located on four dowels in the die base, one at each 
corner of the core, thus insuring accuracy of alignment relative to the die 
cavity without relying on the runner blocks. 

45. The purpose of mounting the die on special legs is for ease of transport 
to and from the cleaning and maintaining section. The comparative data of 
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jucing rocker cover castings by both sand and die-cast methods are as 
producing ) 


} 


Sand-Cast Die-Cast 
93.500 


Details 
Bonus time allowance, min. 264.000 
Finished casting weight, lb. 12.750 9.687 
Labor cost per casting, dollars 1.158 0.350 


follows: 





Fic. 9—Construction or Rocker Cover Die. 


Fic, 10—Two-Hanpep Metuop or Pourtnc Rocker Cover Castine. 
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Fic. 11—Core-WitHpRAWING MECHANISM oF Rocker Cover Die. 
Cover Plate and Guide 


46. A die for a very intricate casting is shown in Fig. 12, this particular job 
representing the highest achievements in die design and manufacture. 

47. From the die designers point of view, difficulty is experienced in design- 
ing a die to collapse away from the irregular contour and numerous undercuts 
of the casting while at the same time maintaining strength and rigidity. This 
object has been achieved by forming most of the cavity in loose cores and 
pick-off pieces, i.e., cores that, when the die is opened, remain in position on 
the casting, to be afterward removed, the two die blocks only forming a small 
section of the cavity but containing the runners and risers and acting as an 
assembly piece for the various cores. 

48. In order that the die blocks may be opened without fear of wrenching 
the casting, they are guided in direction of travel on the die base by means 
of keys, and a special opening device has been incorporated to insure that the 
die halves are parted parallel to each other. This takes the form of a cam on 
the split-line of the die at each side of the casting and is actuated by levers pro- 
jecting from the die base. The operation of drawing back the blocks then 
leaves the casting suspended, with loose pieces attached, on a bottom core in 
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the die base, from which it is removed by withdrawing the core with the aid of 
a cam action situated in the base. 

49. Figure 13 shows the casting in position on the die base prior to remov- 
ing the pick-off pieces; the cams for opening the die are also visible. One 
gnall sand core is used to form a triangular-shaped pocket halfway up the 
casting. 

50. Because of the intricacy of the die cavity, bottom pouring is absolutely 
esential, therefore, the metal is directed down an inclined runner and through 
a ring runner into the bottom of the casting. To obtain ideal thermal condi- 
tions in the solidifying metal, the runner is gated into a boss part way up the 
casting and then into the base of the top riser, thus insuring hot metal for 
feeding purposes. 

51. The presence of many intricate and delicate loose pieces in the die 
calls for care and skill on the part of the operators in order to insure the proper 
alignment of same. Methods, such as dipping the cores in colloidal graphite 
after every cast, are introduced to facilitate removal from the casting with the 
minimum of exertion. As in the case of the previous example, the sand and 
die-cast methods can be compared as follows: 

Details Sand-Cast Die-Cast 
Bonus time allowance, min. 66.000 44.75 


Finished casting weight, lb. 1.875 1.706 
Labor cost per casting, dollars 0.213 0.142 


Fic. 12—Construcrion or Dire ror Cover Pare anp Guinz Castine. 
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Fio. 13—Cover Pirate ann Guipe Castinc Berore Removinc Pick-orr Pieces. Nore Cams ror 
Openino Dre. 


Coolant Inlet 


52. A further example, illustrating the use of loose pick-off pieces, is shown 
in Fig. 14. The pick-off pieces, of which there are six, are necessary to form 
pockets under the flange of the casting. Two small sand cores are also incor- 
porated to form a badly undercut portion between the angular facing and the 
top flange of the casting. Figure 14 shows the operation of removing the loose 
pieces from the casting after removal from the die. 

53. The die proper is constructed in two-block form, a large top core form- 
ing the inside of the casting and a side core forming the angular boss. This 
latter core is located in position by means of a substantial dowel pin in the side 
of the die. Figure 15 illustrates the general construction. 

54. It will be observed that a huge body of feed metal has been provided 
in the bottom of the die, the purpose of which is to feed a heavy boss on the 
inside of the casting directly above it. A gate has been cut into the thin wall 
of the casting to supply heat to this section, thereby avoiding hot tearing due 
to excessive solid contraction. 

55. Because the dimensions of the feeding gates in the bottom of the die 
do not offer any effective choke for the ingoing metal—if they did the runner 
could not also act as a feeder—the die has to be tilted to avoid turbulence in 
the bottom of the mold. (Fig. 16.) 

56. It has been found that despite the inevitable complications introduced 
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by incorporating loose pieces or pick-off pieces in gravity dies, their use still 
results in a high rate of production and, provided the pieces themselves and 
their location are designed and constructed properly, no technical difficulties 
re encountered. Comparative details are as follows: 
Details Sand-Cast Die-Cast 
Bonus time allowance, min 68.750 46.250 
Finished casting weight, lb. 2.750 2.250 
Labor cost per casting, dollars 0.254 0.133 


a 


Cylinder Skirt Die 


57. The policy of manufacturing as die castings as many parts as possible 
on the Merlin engine is obviously very keenly pursued when one considers that 
the latest venture is a gravity die for producing cylinder skirt castings, the 
casting itself measuring 31/2-ft. in length and weighing 53 |b. 

58. Very careful consideration has entered into a design of running system 
for this job which will insure castings being metallurgically sound, and the 
decision arrived at is illustrated in a photograph (Fig. 17), of a casting com- 
plete with runners and risers. The metal enters the mold, in a theoretically 
ideal manner—at the bottom, through a system of 12 ingates, each measuring 
2.in. wide x 3/16-in. thick, from a channel runner along each side of the cast- 
ing. A sloping runner is situated at each end of the die leading into the chan- 
nel runners. 

59. The relative cross-sectional area of the various parts of the running 
ystem are such that the metal is choked at the ingates, thus insuring that the 


Fro. 14—Removine Prcx-orr Preces rxom Coorant Inver Castino. 
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Fic. 15—Construction or Coorant Inet Die. 


system is kept full during the casting operation. In this way oxide formation is 
kept to a minimum, but should anv be carried down with the metal it stands 
little chance of entering the mold cavity due to the fact that the metal enters 
the ingates from a position almost at the base of the channel runner, as shown 
in the enlarged portion of the cross section (Fig. 18). This feature has neces- 
sitated the use of loose steel inserts behind the runner, which are knocked out 
from the casting after removal of the die. A large open feeder completely 
covers the top surface of the casting and is afterward removed by circular saw. 

60. A general view of the die is given in Fig. 19. It consists essentially of 
two main die blocks, forming the outside of the casting, and a base, while the 
inside of the casting, which is relatively intricate, is formed with one large sand 
core. 

61. Because of their size and weight the die halves are opened and closed 
by means of two 2'/-in. diameter Acme-threaded screws on each side, actv- 
ated by levers. In the closed position the halves are securely clamped together 
at the ends by cam-action clamps. 

62. The design of the die base illustrates some of the problems encountered 
when a job of this size and description is undertaken. The most serious prob- 
lem is to prevent the base cracking on the outside due to the bursting stresses 
set up when the center inevitably becomes heated to a higher temperature 
than the outside, with the consequent greater expansion. The solution lies in 
(1) heating all sections of the die uniformly initially, and (2) maintaining it in 
that condition. To do this a system of heating, by means of gas pipes placed in 
the die base, has been incorporated whereby heat may be applied uniformly 
over the whole area. During actual operation it is necessary to turn off the 
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gas pipes in the center of the die, as this is maintained at a uniform temperature 
by heat from the metal flowing through the running system. Many strengthen- 
ing webs are provided to insure rigidity. 

63. The problems inherent with unequal expansion due to varying degrees 
of heat have also to be contended with in the design of the main die halves. 
It will be seen from the cross section (Fig. 18) of the die that each die half is 
built up in three layers. The bottom piece, which is comparatively thin, forms 
part of the casting and running system and, since it becomes heated to a greater 
degree than the remaining sections, it is not secured to any other section of the 
die block but is only located by means of keys, thus enabling it to expand freely 
longitudinally. A similar principal is included in the top blocks forming the 
feeding heads. 

64. As stated previously, the inside of the casting is formed by one large 
sand core. This is constructed in four main sections, which are afterward 
assembled in a special metal trough and secured by means of long bolts and a 


Fic. 16—Mertuop or Povurinc Inter Castine. 
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cast iron strap along the top of the core prints. Eleven coolant-liquid-transfer- 
port cores are assembled into the body core and secured in position. The com- 
plete core assembly is in this way handled in one unit and placed in the die 
on steel dowels fitting into corresponding locations in the metal core carrier, 
thus insuring ease and safety in handling with consistently accurate positioning 
relative to the die cavity. 

65. Figure 20 shows the core assembly, while reference to the enlarged cross 
ection (Fig. 18) will make the core location method clear. Comparative 
details are as follows: 

Details Sand-Cast Die-Cast 
Bonus time allowance to produce, min 878.0 407.0 
Finished casting weight, Ib. 54.0 52.0 
Labor cost per casting, dollars 2.833 1.479 


Diz DEVELOPMENT SUMMARY 


66. It is hoped that the detailed description of the aforementioned typical 
dies will have illustrated fully to the reader just how valuable and indispensible 
is the die development department to the mass production of sound gravity 
die castings. Every casting on the Merlin engine is treated by this section as 
a Class I inspection piece, although, officially, none is classified as such, and 
it is accordingly the practice that no die may be released for production until 
perfectly sound castings are assured. 

67. By setting this target, the high standard of quality demanded of all 
Rolls-Royce products is practically guaranteed, and at the same time an impor- 
tant safety margin is automatically introduced to cover any slight reduction in 
metallurgical and dimensional quality inevitably encountered under rigorous 
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production conditions. In this respect, the radiological] examination of Casting, 


is employed very extensively during die development as a means of investigat. 
ing the effect of different methods of die preparation and casting technique o, 
the quality of a particular casting. 


Radiological Inspection 


68. Defects, such as shrinkage and occluded bubbles of air, are read) 
detected by this examination, and when the occurrence of these is studied jy 
relation to both the relative thermal conditions in different sections of the die 
and to the casting technique, most valuable data on die design and the theo 
of casting are obtained, thus making the rapid elimination of faults mor 
certain. By making a specialized study of each design in this manner, consider. 
able scientific knowledge has been rapidly accumulated. 

69. To illustrate the high quality achieved and also the value of radio. 
graphy on die development, a few typical examples are given, showing detail 
of faults disclosed by x-ray and the methods adopted to overcome them. The 
reader will, of course, appreciate that in the average die casting the flaws ar 
normally fairly small in size on the original negative, and also that a certain 
amount of definition is lost upon reproduction, but it is hoped that the faults 
can be detected on the illustrations shown. 

70. Figure 21 is a radiograph of a sample casting of the first batch of cast 
ings taken from the spray nozzle body die after leaving the tool room. The 
shrinkage cavity disclosed on the negative revealed to the designer that insuff- 
cient feed to the casting had been provided for, and accordingly the die had 
to be returned to the tool room for modification. 

71. After rectification by altering the shape of the feeder on the defective 
branch, perfectly sound castings were obtained (Fig. 22). 

72. Radiographs taken of the first castings produced of the front gear case 
cover disclosed the presence of air inclusions—a defect which could not have 
been revealed by any form of non-destructive test other than radiography. 
Figure 23 illustrates one of the negatives showing a cluster of these blowholes 


Fic. 21—RaprocrapH or Spray Nozziz Bopy Castinc Reveatinc SuHrinKace Cavity. 
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Fic, 22—RaprocraPH oF SouND Spray Nozzie Bopy Castino. 


bround the boss in the top right-hand corner, and also in the top portion of 
he center web running diagonally across the photograph. 

73. Occluded bubbles of air is a fault normally associated with turbulent 
etal, and when this defect was detected it was apparent to the designer that 
very strict attention to the method of pouring was necessary. By regulating the 
speed of pour to synchronize with the relative time and speed required to 
return the tilted die to the horizontal position, this fault was eliminated, as 
was revealed by the subsequent radiographs (Fig. 24). 

74. Prior to the release of the rocker cover die to the production foundry, 
radiographs taken of sample castings produced disclosed the presence of shrink- 
age cavities similar to those shown in Fig. 25, and, in this particular case, the 
ourse adopted to overcome this fault was the modification of the method of 
coating the die. 

75. Illustrations are given in Figs. 26 and 27 of two sound castings, to 
demonstrate the standard of quality demanded in a casting before the relative 
die may be released by the experimental foundry. 


Part II—Production Details 
PRODUCTION AND INSPECTION 


76. The total floor area of the die casting foundry covers 22,500 sq. ft., the 
area occupied by the production departments being limited to 13,500 sq. ft. 
The remaining 9,000 sq. ft. of this section includes the spacious gangways and 
the annex, which consists of the production offices, laboratory, dispatch stores, 
cloakrooms and lavatory accomodation, etc. Figure 28 shows the layout of 
the foundry and illustrates to what extent mechanization has been introduced 
lor the purpose of obtaining maximum output. 

77. Each operation in this production foundry will be described in detail 
at later stages, but it is felt that a general résumé of production methods used 
would, at this point, be of appreciable assistance to the reader in familiarizing 
himself with the flow of work through the foundry, from the receipt of the 
ingot material to the dispatch of the finished castings to the machine shops. 
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Fic, 23—Rapiocrarx SHOWING OccLiUpep Arr Bussies 1n Front Gear Case Cover Castinc 





78. The ingots are transported in sheet metal stillages (skid boxes) by elec- 
tric elevating-platform trucks from the central raw material stcres, located in 
the parent foundry, to be melted in the tilting furnaces (Fig. 29). The molten 
alloy is transferred, by crane ladle suspended from a monorail conveyor, into 
maintaining (holding) furnaces, from which the diecasters ladle the metal for 
pouring the castings (Figs. 30 and 31). 


79. When extracted from the die, the castings are placed on a flat-plate 
conveyor which travels throughout the foundry, passing through every section 
This conveyor, loaded with castings, can be seen in Fig. 32 leaving the casting 








. 24—RapiocraPH or Sounp Front Gear Case Cover Castino. 
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Fio, 25—Raprocrarn or Rocker Cover Castine Reveatinc SHRINKAGE. 


bay. Another section of the foundry is illustrated in Fig. 33, where the castings 
are also shown being transported by means of this pallet conveyor. 

80. Upon leaving the casting bay, every casting receives a visual, or what 
is commonly known in the trade as a “hot” inspection (Fig. 32), before pass- 
ing to the first of the fettling (cleaning) operations, which is the removal, by 
saw, of all runners and risers (Fig. 34). However, the semi-diecastings receive 
an operation prior to this, known as core knock-out, which is actually the 
removal from the castings of the sand cores (Fig. 35). 

81. This surplus metal, in the form of runners and risers, is deposited in 
sheet metal bins positioned behind the saws, to be available for remelting in the 


Fic, 26—Raproorarpn or Sounp Cover Pate anp Guiwe Castine. 
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Fic, 27—RapiooraPH or Sounp Boost Controt Castino. 
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adjacent furnaces—their exact location in relation to the saws and furnaces 
ican be noted from reference to Fig. 34. 

32. On completion of this operation, the castings are replaced on the con- 
vevor and transported to the second inspection, viz., chalk test, for which they 
receive the following treatment—first, they are soaked in oil tanks (Fig. 36), 


Fic, 29—Batrery or MELTING FurRNACES wiTH OverRHEAD Monoratt CONVEYOR FOR TRANSPORTING 
MoLTeN ALLOY TO MAINTAINING (HOLDING) FURNACES. 


Meta TRANSFERRED FROM MettTinc Furnace to Lapie. 
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then they are dried in trays containing wood sawdust and finally they ay 
dusted with french chalk (Fig. 37). The inspection is carried out by fema 
inspectors seated at benches further along the conveyor (Fig. 38). 


83. The castings passing this chalk test are next conveyed to the fettling 
(cleaning) section where the remaining fettling operations are carried oy 
either by machine or by hand, dependent upon the nature of the Casting; and 
from here are transported by the conveyor to the final dimensional inspectio, 


department (Fig. 33). 

84. Where castings are called upon to withstand a certain pressure, befor 
they are allowed to pass the final inspection a pressure test is taken (Figs. 39 
40 and 41). Other types of castings, such as those having long, thin section 
like the rocker covers, are liable to slight distortion in handling during th 
various production operations and, if found so at final inspection, they ar 
returned to the straightening section for rectification (Fig. 42). | 

85. Heat treatment is the final operation carried out on the castings prior 
to being dispatched via the stores to machine shops. 

86. This brief synopsis will have, it is felt, portrayed to the reader the 
general routine in the production of die castings in this foundry, and it is 
proposed now to supplement this with a fully detailed description of this 
production. 


MELTING 


87. We believe that a diecaster should diecast, the whole of his working 
shift, in order to yield the maximum production output for any one die. To 
achieve this, the diecaster is relieved of all responsibility of metal melting and, 


Fic. 31—Motren Merat Transrerrep prom LapLe TO MAINTAINING FURNACE. 
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32—View or Dire Castine LIne Conveyor Loapep with Castinecs Leavinc Castine Bay. Nore 


INSPECTION OF CASTING 


Fic. 33—Secrion or Founpry SHOwING Operation or Patter Conveyor 


furthermore, his own particular furnace, known as a “bale-out,” is always kept 
lull of metal at the correct temperature. 

88. To insure this constant supply of molten metal at the required casting 
temperature, a system of duplexing has been adopted, i.e., primarily melting, 
degassing, etc., in a battery of large tilting furnaces and transferring the molten 
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alloy into another set of “bale-out” maintaining (holding) furnaces, whig, 
serve merely as a reservoir from which the diecaster works. 

89. For the purpose of melting, a battery of five central-axis tilting crucibl 
furnaces of 5-cwt. aluminum capacity is employed (Fig. 29). These are fireg 
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Fic. 36—Cuatx Test Baskets or CastinGs Berinc Immersep 1N Orr TANKS. ¢ 


Fic. 37—CHaLtx Test—Castincs Bernc Driep ano Dustep witn CHALK. 


by producer gas with the piping so designed that, in the event of supplies 
becoming restricted or terminated completely, conversion to town’s (city) gas 
could be carried out with the minimum of loss to production. To maintain the 
molten alloy at the correct casting temperature, a batch of bale-out crucible 
furnaces is used, 21 of which are of 350-lb. and 3 of 250-Ib. aluminum capacity, 
using the same heating medium. By this means the foundry is assured of hav- 
ing available for one week’s production, 112* tons of molten aluminum. 


* Throughout the paper, British weights have been converted to American weights. 
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90. To convey the alloy in its molten state to the maintaining furnace 


sheet iron worm and bevel geared crane ladles (Figs. 30 and 31) are used. 
being suitably lined with a refractory material in order to retain the heat jp 
the molten metal and also to avoid iron pick-up by the aluminum. The gears 
are totally enclosed, running continuously in a bath of oil. This insures thei; 
long life, while excluding all grit and metal splashings. 

91. It is essential that loss in temperature of the molten alloy, while 
being transferred from one furnace to the other, should be eliminated as much 


Fico, 38—GeneraL View or CuHatk INspecrion DEPARTMENT. 


Fie. 39—Pressune Test—Cramrino Jics Tro Castine. 
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. 40—Pressure Test—Testinc Castinc ror Porosity. 


Frio. 41—Generat View or Water Test Department. 


as possible and, with this end in view, a heating unit was designed to heat the 
ladle, prior to pouring, to prevent the metal from being chilled on entering 
the ladle from the melting furnace. To obtain this desired effect, a flame is 
thrown downward from the center of a ganister-lined hood into the bowl of 
the ladle, the hood being pivoted on a steel stanchion to allow it to be swung 
clear when positioning the ladle. 

92. The method of transportation is by an overhead monorail conveyor, 
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Fic. 42—Rocker Cover iN STRAIGHTENING AND INSPECTION JiG. 


the runway of which is constructed of 12 x 5-in. x 30-lb. per ft. rolled steel 
joists to carry a safe working load of one ton. About 300 ft. of track has 
been used to cover the various furnaces, the straight sections being machine 
straightened and the curves accurately formed to template to insure the 
absence of the slightest distortion at any point. Bare conductors, three in 
number, are fitted along this track to convey the current to the motors of the 
electric blocks; they are supported by means of insulated brackets attached to 
the track girders and they are so arranged that the motor of the electric blocks 
can be operated at any point on the runway track excepting where the trolleys 
pass over a junction. 

93. The trolleys are fitted to run along the lower flange of the track of four 
turned, ungeared runners on ball bearings, being constructed on the bogie prin- 
ciple to pass around the curves and fitted with switching gear to negotiate the 
various junctions. Attached to each trolley are three collectors for making 
contact with the bare conductors, and suspended from each is a one-ton 
electric block which is capable of lifting the full load on four falls of steel wire 

‘rope at the rate of 20 ft. per min., being controlled from floor level by means 
of suspended cords. 

94. To transfer the molten alloy to the maintaining furnaces, the ladle is 
tilted by means of the handwheel and the molten alloy flows into a pouring 
trough (Fig. 31), one of which is situated along side each furnace. It is 
inclined at an angle of 10 degrees to insure smooth flow and has a lining of 
ramming material about one-in. thick. To keep the mouth of the furnace clear 
for the diecaster, the trough is mounted on a column of 3-in. bore gas tubing, 
working with a swivel movement on a steel pivot and a brass thrust washer, 
so that it can be swung clear immediately the transfer has been completed. 





Joun VICKERS 83 


95, As there usually are four or five different alloys in use at the same 
time, great care must be taken lest one alloy be transferred from the melting 
furnace and poured into a maintaining furnace containing an entirely different 
alloy. As an additional precaution against this possibility, large metal labels 
are attached to each furnace showing the alloy contained by that particular 
unit. 

96. The melting, fluxing and transfer of metal from the melting furnace 
is, at all times, carried out under the strict supervision of a member of the 
laboratory staff, who also records, in the furnace record book, particulars of 
melt number of ingot material in the charge, the percentage of scrap addition, 
temperatures and the furnace number in which the metal is both melted and 
maintained. The part number or numbers being cast from each maintaining 
unit is also recorded, thereby co-relating the raw material with the finished 
casting. 


CASTING 


97. Since the die development department has specified all the essential 
features to insure production of sound castings, the production foundry is thus 
able, upon receipt of the die, to go ahead with manufacture without any 
difficulty other than that of normal die maintenance (Fig. 43). 

98. Efficiency can not be obtained from a gravity die which is in operation 
continuously, and it is, therefore, the practice in this section to have one set of 
dies in production on one shift only, so that the necessary coating and prepara- 
tion on them may be accomplished during the following shift in readiness for 
the commencement of production. This also has the advantage of facilitating 
scrap identification, as only one operator or squad of operators has been pro- 
ducing from that die during a particular period. 


Fic. 43—Die Maintenance Squap at Work. 
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Preheating and Preparing Dies 


99. Before commencing casting it is essential that the temperature of the 
die should be raised to receive the molten alloy, and for this purpose a battery 
of preheating furnaces has been installed (Figs. 44 and 45). These furnaces, 
eight in all, are oil-fired through two common fireboxes, and they are heated by 


means of hot air passed through tortuous passages arranged down one side of the 
fireboxes and then passed into the two flues arranged for supplying the hot air 
to the furnaces. Each furnace of the unit is controlled separately by dampers 
operated from the outside, the temperature being taken by means of inde. 
pendent pyrometers and recorded on a 24-hour chart of a wall-type recorder 


The door of each furnace, operated independently, is counterbalanced, to 
permit easy lifting and lowering, by balance-weights suspended at the end of a 
steel wire rope run over a pulley, mounted on ball-bearings, located on top oj 
the unit. 

100. The racks, which were specially prepared to carry the dies while 
undergoing this process of preheating, are of simple design, being constructed 
of good quality iron castings bolted together. The two shelves are each 
3-ft. 3-in. x 2-ft. 6-in. x Y2-in. and are 2-ft. apart, the bottom one being 1-ft 
from ground level, and in each have been provided 12 holes of 4-in. diam. to 
enable the hot air to circulate freely around the dies while in the furnace 
The racks have been so constructed that the top shelf can be removed by a 
crane by hooking to eyebolts located at each corner without interfering with 
the remainder of the structure. This has proved to be a great asset, as its 
removal is often necessary to facilitate handling of the dies positioned on the 
lower shelf. 

101. Transportation of the racks into the furnace is carried out by 


Fic. 44—Barrery or Dre-Preneatina Furnaces. 
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Fro, 45—Die Rack Enrerinc Preneatinc CHAMBER 


means of hand elevating trucks fitted with hydraulic release checks which 
cushion the descent of the load and thus insure that the dies are not disturbed 
while being placed in the furnace (Fig. 45). 

102. Great care is taken to insure that all traces of old coating are removed 
and that the die has been thoroughly cleaned prior to its first entry into the 
furnace in the preheating process. During this first period the temperature is 
steadily raised until the die is considered to be about 392 °F. when it is 
removed from the furnace to receive a fresh spraying of die-coat to the 
specifications as laid down in the standard layout presented with the die by 
the die development department. After receiving this treatment the die is 
placed back on the rack and returned to the furnace, where it is allowed to 
remain until just prior to the commencement of the following shift, the 
temperature in the furnace during this second stage of the process being 
between 572 and 662 °F. 

103. Before each shift, the dies are removed from the furnace and clamped 
to the respective die tables situated at the maintaining furnaces, gas burners 
being employed for the purpose of retaining the heat in the die until such 
time as the casters commence production. This procedure insures that there 
is no unnecessary loss of production which would be the result if no prepara- 
tion had been made and the setting-up left to the diecaster at the com- 
mencement of the shift. 


Pouring 


The diecasters are graded according to their individual skill so that ‘they 
can be allocated to the die most suited to their particular ability, thus a Grade 
I caster is assigned to a multicore die or placed in charge of a die requiring two 
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or more operators. A Grade II caster is normally detailed to a comparatively 
simple die, while a Grade III, or trainee operator, usually occupies a subor- 
dinate position in a casting “pool.” By operating this system, production 
scrap is automatically reduced and at the same time assurance is obtained that 
the best possible service is being obtained from the available labor. 

105. The metal is ladled out of the maintaining furnaces for pouring into 
the dies by means of wrought iron hand ladles, which are, at all times, wel] 
coated with whitewash, thus insuring that there is no iron pick-up by the 
aluminum. 

106. Prior to commencing casting, the operator is always acquainted by 
the foremen of all relative details, as outlined in the standard layout (Fig. 2), 
concerning the casting about to be produced. The method and speed of pour. 
ing is controlled by this tabulation, but special attention is given to insure 
that at all times the minimum of turbulence is present in the molten alloy. 
Another item of particular importance is the time which must be allowed 
for the casting to set, to guard against the part being extracted from the 
die too early in the period of solidification, thereby causing a fracture in the 
casting. Therefore, to enable the caster to work accurately to the time stipu- 
lated, synchronous electric clocks, with second hands and 10-in. diam. dials, 
have been installed throughout the section within view of all operators, 
thereby assisting them in obtaining sound castings by devoting special attention 
to this consequential factor. 

107. Gaseous fumes, resulting from the combustion of the heating medium 
and also the reaction of the aluminum upon the degasing reagents, emanate 
from the maintaining furnaces, resulting in some discomfort to the casters, but 
this unpleasantness has been reduced considerably by the installation of a suc- 
tion exhaust system. Sheet metal hoods are erected directly above the furnace 
tops so that the absolute minimum volume of fumes is allowed to contaminate 
the surrounding atmosphere. The ducting, through which the fumes are 
extracted, increase in diameter from 1-ft. 3-in. at the hoods to 4-ft. at the 
impellar fan which provides the suction power. The fan is driven by a 25 hp. 
motor and is capable of passing 32,000 cu. ft. of air per minute. It is situated 
above the girders at the roof so that the fumes are released to the-air outside 
the building. 

108. In addition to improving working conditions for the diecasters, the 
installation of this exhaust system automatically resulted in the amelioration 
of general atmospheric conditions throughout the foundry. 

109. In order to satisfy himself that he is operating the die in the proper 
manner and that no obvious faults are present, the caster normally super- 
fiicially inspects the casting while awaiting the setting of the following casting 
poured, and if this 4ssurance is obtained the part is then released to the next 
operation. In the foreground of Fig. 32 a caster can be seen carrying out this 
examination on a casting prior to its release. 





JoHN VICKERS 87 


110. The problem of transporting castings between operations has been 
eliminated by the installation of a flat-plate conveyor travelling throughout 
every department in the foundry (Fig. 33). To embrace all sections in this 
project 550 ft. of conveyor was necessary, comprising of 110 pallets each being 
5-ft. long with a width of 21%-ft. and joined together to form a continuous 
platform. A 2-in. thick covering of reinforced “insulating aggregate” is built 
above the plates to prevent the heat from the castings damaging the mechanism, 
and, to protect the insulating material from becoming chipped with the con- 
tinual movement of castings, 3/16-in. thick covering plates are fixed on top 
in such a manner as to serve also as a guard over the pallet joints. Each 
pallet is mounted on a bogie fitted with swivelling flanged wheels suitable 
for running on flat-bottomed rails, which are supported on angle iron struc- 
tures so that the pallet face is 2'/2-ft. above floor level. 

111. The conveyor is driven by means of compressed air from a 12-in. 
diam. air cylinder which delivers a stroke of 5-ft. The driving pawls, which 
connect to the bogie axles, run on a 6-ft. length of flat-bottomed rail track 
situated at floor level immediately behind the cylinder, and operated in con- 
junction with them is the cam rod which alternately opens and closes the 
control valves at each end of the cylinder and thereby provides the traction 
and reciprocating motion; the entire movement of the conveyor thus becomes 
automatic. Throttle valves, fitted at either end of the cylinder, enables the 
rate of travel to be regulated—the speed ranging from between 9-in. to 10-ft. 
per minute. 

112. An independent driving unit is installed to act as a spare so that, in 
the event of mechanical breakdown to the one in operation, it can be put 
into commission immediately, thereby insuring that the production output 
is not affected in any way by lack of transport facilities for conveying the 
castings from one operation to another. A section of this pallet conveyor 
may be seen in Fig. 32 carrying castings, newly produced, from the casting 
bay to receive the next operation. 


Core Knock-Out 


113. This term is applied in general, in the foundry trade, to the removal 
of cores from the casting, but in diecasting, where practically all cores are of 
metal and are normally abstracted prior to the removal of the casting from 
the die, core knock-out refers merely to the extraction of the sand cores from 
the semi-diecast parts. 

114. All castings in this category are removed from the conveyor at the 
end of the line of diecasters for the purpose of clearing the internal passages 
of sand. Figure 35 illustrates the unit designed to simplify and expedite this 
core knock-out operation. It is a simple angle-iron construction, the tabletop 
being in the form of a grid which allows the extracted sand to pass through 
into a sheet iron bogie positioned below. 
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115. A pneumatic hammer is clamped around the barrel to a fixture at g 
comfortable working level, the trigger being fixed in the compressed position 
so that when the riser of a casting is pressed against the chisel blank protruding 
from the nozzle, the required vibrating action is immediately obtained. This 
vibration of the casting causes the core sand within to be broken up, thereby 
simplifying the clearing of the internal passages. 


Visual Inspection 


116. One of the principal features in the management of this foundry 
has always been the employment of labor on only duties essential to maintain 
output. It is in this effort that various inspections have been instituted, 
throughout the departments between operations, to insure that labor expended 
on scrap castings is limited to the absolute minimum. 

117. Thus, at the end of the diecasting line of the conveyor the visual 
or “hot” inspection section is situated so that all visual scrap is rejected before 
any further work is carried out on the castings. The inspector paints a dis- 
tinct marking on the scrap, showing also whether or not the cause is attributed 
to the fault of the operator. This rejection and cause is recorded at this 
stage to allow a complete summary and analysis of the total scrap to be made 
later, so that the management is in possession of the full facts, thus enabling 
prompt action to be taken if considered necessary. 


FETTLING 


118. The castings which have been passed by this visual inspection are 
returned to the conveyor, on which they proceed to the band sawing section 
(Fig. 34). 


Sawing 


119. Every casting produced has a certain amount of surplus metal in the 
form of either runner or riser, and this is removed by the use of band sawing 
machines. To cope with the rate of production, for this operation the section 
is equipped with six electrically driven vertical band sawing machines which 
are capable of cutting aluminum alloys up to 4-in. thick. Four of these 
machines are fitted with 30-in. diam. wheels and the remaining two with 
wheels of 36-in. diam., all being driven by multiple-vee belts and controlled 
by “start” and “stop” push buttons. 

120. The larger castings, which normally bear a heavier section of surplus 
metal which has to be severed, are sawn on the larger type of machine and, 
from experience, it has been found that the most suitable and also most 
serviceable blades for this particular class of work are of 18 guage by five teeth 
per inch, being 19'/2-ft. in length with a breadth of 114-in. Blades working on 
these machines operate normally for 5 cutting hours before they require 
removal for sharpening and setting. 
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121. The 30-in. diam. machines are employed where the section of metal 
to be sawn is much lighter and, dependent upon the particular cut required, 
alternative breadths of blades are operated, the actual dimensions being 34-in. 
and 1-in., in both cases the remaining sizes being 17 ft. long by 19 gauge by 
six teeth per inch. On an average, the normal life of these blades is approxi- 
mately 7 hours before requiring sharpening. 

122. When the runners and risers have been removed, the castings are 
returned to the conveyor and the surplus metal is deposited in the sheet metal 
bins positioned behind the band saw machine (Fig. 34). Great care is 
required in the disposal of this scrap to insure that the various alloys are not 
mixed, and, for this reason, it is endeavored as far as possible to confine 
one alloy to one particular saw. Another precaution taken is that the scrap 
bins are stencilled, in 6-in. letters and figures, with the reference by which the 
various alloys are known. 

123. From one particular part, the front gear case cover, this surplus 
metal in the form of risers cannot be removed by means of sawing on these 
band sawing machines owing to the method employed to feed the three heavy 
bearing bosses, as described in detail in paragraphs 20 to 29. These bosses 
are cast solid, so that to remove the excess head metal a form of machining 
operation is required, and this is executed by recessing the bores by means 
of a fly-cutter. Figure 46 shows a casting set up on a boring and recessing 
machine to receive this operation. 

124. The castings replaced on the conveyor proceed from the sawing sec- 
tion to the chalk test section (Fig. 38), where each casting undergoes a further 
inspection, but prior to entering this section each casting is stamped with 


Frio. 46—Recessino Bores or Front Gear Casz Cover Castino. 
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Yg-in. steel types so that the date of casting the part becomes a permanen, 
fixture, thus making possible the correlation of the production records. 


Chalk Test 


125. To prepare for this inspection, the castings are loaded in galvanized 
wire baskets constructed from 1/2-in. sq. mesh 12 gauge wire, woven around 


24-in. x 18-in. x 12-in. frames of 344-in. diam. mild steel bar, and in these they 


are immersed in the oi] tank. The hoisting and lowering of the baskets is 
executed by means of a 10-cwt. capacity electric pulley block, which has a 
speed of 30 ft. per min. and is controlled by a push-button box pendent at 
the end of a length of flexible cable. The block runs by push travel on a 
7-in. x 4-in. runway erected above. Figure 36 shows the baskets loaded with 
castings being lowered into the oil tanks. 

126. These galvanized steel tanks are 7!/2-ft. long by 31-ft. broad by 
1-ft. 10/%-in. deep, and are raised from the floor to a comfortable working 
level by means of a steel pedestal one ft. high. 

127. The oil content, normally 150 gal., is a mixture of a light mineral 
oil and a cutting oil in the ratio of 15 to 1, the minimum closed flash point 
is at 300 °F. and the maximum pour point at 38 °F., the specific gravity 
being between 0.900 and 0.920. 

128. This oil is heated to a temperature of 185 to 195 °F. by means of 
high-pressure processed water circulated through pipes running round the 
bottom of the tank—the approximate viscosity of the oil at this temperature 
being 33 to 40 seconds. It is in oil under these conditions that the castings 
are allowed to remain for a period of between 14 to 20 min., depending 
upon the size of the particular casting. 

129. After this period of soaking in this oil, the baskets are raised from 
the tank and conveyed along the runway to the draining tray alongside, on to 
which the castings are emptied. When the majority of the oil has drained 
away, the castings then are transferred by hand into a tray containing timber 
sawdust where they are dried of the remaining oil. Special care must be 
taken at this stage, as it is imperative that before they are passed from this 
tray every casting must be perfectly dry. 

130. The last stage in this preparation for inspection is the dusting of the 
dried castings with french chalk contained in a metal tray alongside (Fig. 37). 
The castings can now be transferred along the conveyor to the inspectors, 
where they receive a most rigorous scrutiny. 

131. During the soaking period in the tank, the temperature of the oil 
causes the castings to expand slightly, and any flaws, such as cracks, blow- 
holes or porosity which may be present, would automatically expand and the 
oil permeate into the now slightly enlarged orifices. Although all the castings 
are later thoroughly dried, there still remains in these pores a certain amount 
of oil, and it is during cooling in the chalk tray when the casting contracts 
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that the oil exudes from the flaws and, upon contact with the french chalk, 
causes slight discoloration. 

132. It is this sign for which the inspectors look (Fig. 38), and all cast- 
ings bearing this discoloration are laid aside for the verification of the 
chargehand before being finally rejected. 

133. Fluorescent lighting is installed over the inspection benches, as 
experience has shown many advantages are obtained over ordinary tungsten 
lamps, the principal ones being the absence of shadow, glare and blank spots, 
plus the advantages of providing an equal distribution of light over the 
required area. The installation of this type of lighting has resulted in the 
revelation of minute flaws which, under normal conditions, may not have 
been disclosed at this stage and would have been instrumental in causing 
labor to be expended on definite scrap. The six 5-ft. tubes can be seen in 
Figure 38. 

134. Should a particular casting consistently show signs of the presence of 
such flaws, a report is instantly made to the chief inspector so that a thorough 
investigation can be made in the casting section and the foreman acquainted 
for special attention to be immediately devoted to the casting to insure 
that that particular fault is corrected with the minimum of delay. 

135. The majority of the total scrap in the die casting foundry is rejected 
at either visual inspection or at chalk test, so that the absolute minimum of 
labor is lost by discontinuing further operations on castings which are not to 
standard requirements. 

136. Castings passed at this stage are now released to have completed the 
final fettling operations which are necessary to remove the certain amount 
of excess metal, particularly in the form of flash, still remaining after the 
runners and risers have been removed by saw. 

137. Whether these operations are executed by machine or by hand, or 
even by both, is fully dependent upon the individual peculiarities of each 
casting, e.g., shape, contour, etc. 

138. Figure 47 illustrates the removal of this flash from one type of casting 
which lends itself to having this operation carried out by machine. On a ring 
and disc filing machine the particular casting shown is held firmly on the 
table and slowly rotated so that the profile is machine-filed by the file-faced 
disc revolving within a speed range of 85 to 560 rpm. By this same machine 
other types of castings may be dressed by means of the file-out revolving ring. 

139. Figure 48 shows this profiling operation being carried out on another 
type of machine, viz., an electric high speed router having a speed of 24,000 
rpm. The castings are clamped to a wooden jig which has on the underside 
a mild steel former plate, and a guide pin, projecting from the center of the 
table in alignment with the cutter, acts as a center around which the jig 
is worked following the contour of the former plate, while a similar profile 
is being milled on the casting on top of the jig. By this means, not only is the 
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Fic, 47—Creantne Castincs spy Macuine Fite. 


flash removed from the part, but the casting is actually being simultaneously 
machined to fine limits of accuracy. At the right hand of the picture (Fig. 48) 
| is the underside view of a duplicate of the jig in operation, revealing the lines 
/ of the former plate. 

140. Other castings are more suitably handled in this operation on a high 
speed double-ended grinder, as is shown in Fig. 49. The grinding wheels are 
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Fro. 48—Cizantnc Castines sy Prorminc MAcHINE. 
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Fic, 49—Ceaninc Castinos oN Dovusie-Enp Grinper. 


24-in. x 2/2-in. x 8-in. bore and run at a peripheral speed of 9,000 ft. per 
mir. A device is fitted to this machine so that, as the diameter of the wheel 
is reduced to wear, the work rest can be advanced only a certain distance 
towards the wheel and the speed must then be increased. This adjustment 
brings the peripheral velocity back to the original one, together with allowing 
the rest, once more, to be brought close to the face of the wheel. This opera- 
tion must be repeated after the wheel has worn for another predetermined 
distance, thus the periphery of the wheel is again speeded up to its original 
velocity of 9,000 ft. per. min. A self-contained dust collecting unit is fitted 
to this machine to trap all grinding dust, and so helps to improve hygienic 
conditions. 

141. Where small sections of flash are required to be removed from a 
flat joint-face, an ideal machine for this finishing operation is double-disk 
grinder (Fig. 50). The casting is held on its edge on the table and the 
surface pressed firmly against the emery disc which is revolving at a speed 
of 1,440 rpm. The exhaust ducting, which can be seen leading from the 
machine, carries the grinding dust to a self-contained dust collecting unit. 

142. Pneumatic chipping hammers are the medium used for removing, 
from some parts, surplus metal which may be of a heavier section and located 
at awkwardly placed points of the castings. The type found to be most satis- 
factory for female operators is that fitted with hexagon tool noses and 
operated at 80-Ib. pressure giving 2,000 strokes per min. Figure 51 illustrates 
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the surplus metal being removed from rocker cover castings by female fettler, 
) operating this type of hammer. 
143. Remaining pieces of flash are trimmed off by hand file, the Casting 
being held by a vice fixed to a fettler’s bench (Fig. 52). 








Fic. 50—Cieantno Castincs on Dovusie-Disc Grinper. 








Frio. 51—C.eanino Castines sy Pneumatic HAMMERS. 








Joun VickERS 95 


144. All fettling operations having now been completed, the castings 
travel along to the final stages of inspection, viz., pressure test and dimen- 


sional inspection. 


FINAL INSPECTION 
Pressure Test 


145. Certain castings, mainly components of the coolant and fuel systems 
on the engine, require testing under air pressure for porosity and blowholes. 

146. To execute this test, it is necessary to seal with rubber all open faces 
and cored bores of the casting, and this is done by means of jigs of simple 
design, the majority of which are fitted with quick-action cam handles 

Fig. 39). The simple movement of these handles cause the rubber seals 

to be compressed against the open faces, thereby resulting in an air-tight 
chamber being formed within the casting. Where the adoption of this type 
of handle is not practicable, the sealing of the casting is done in the same 
manner by pressing the seals by means of screw clamps, but the time saved 
by making use of the quick-action clamping jig is such that the use of the 
screw type is discouraged as much as possible. 

147. Couplings are fitted to the air line, the male portion being a fixture 
of the jig and the female portion at the end of a piece of rubber hose leading 
from the air pipe. The coupling of this connection automatically causes the 
internal chamber of the casting to be filled with compressed air, the required 
pressure being set by means of a valve fitted to the main air pipe. 

148. Under this pressure, ranging from 30 to 50 Ib. psi., the casting is 


Fro, 52—Creantnc Castincs sy Hann Fre. 
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immersed in water heated (by the same medium as described in paragraph 
128) to a temperature of between 100 to 140° F., and it is held under the 
surface for a period of 15 to 20 min., the actual pressure, temperature and 
period of immersion being governed by the size and construction of the 
particular casting under test. 

149. Any flaws in the form of porosity or blowholes will allow the com. 
pressed air to pass through the wall of the casting and thus cause bubble 
to rise to the surface, this denoting to the inspector the exact location of the 
fault. In Fig. 40, an inspector can be seen holding a casting under water 
while searching for this sign. 


Stretching and Straightening 


150. During production operations, certain castings are liable to become 
slightly distorted in handling. Fortunately, the number of parts so affected 
is very small—actually only 5 out of the 103 gravity die castings on the 
engine. These five castings, viz., rocket cover, gearcase, diffuser vane ring, 
housing control bracket and the wheelcase cover all have the same feature—a 
length of fairly thin section which lends itself to this slight distortion. Figure 53 
illustrates the straightening, by press, of a rocker cover which has been dis. 
torted in handling, and the nature of the twist such that the casting could 
not be brought into alignment by the normal method of tapping gently with 
a wooden mallet. 

151. On the surface table behind the press, an inspector can be seen 
examining the wheelcase cover in a fixture designed to test for alignment, and 
the construction of this jig is such that any distortion present in the casting 
can be removed by gently striking with a mallet until the face of the cover 





Frio. 53—Srraigurentno Castine 1n Screw Press. 
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Bcrees with the location points of the fixture. A similar fixture has been 


designed for all of the five parts mentioned, and in Fig. 42 an inspector can 
seen removing, by means of a mallet, distortion present in a rocker cover 
ich is being held in a straightening and inspection jig. 
152. On leaving these jigs, the castings then require to be tested for metal 
thickness only, and this inspection is executed by the final dimensional inspec- 


ion section. 


Final Dimensional Inspection 


153. The average output of castings from this foundry totals approxi- 
mately 100,000 per week, and their dimensional accuracy is verified by the 
13 inspectors seated at both sides of the conveyor (Fig. 54). It has been the 
policy of the management to train each of these girls to inspect certain jobs 
only, so that she may very early become efficient and even expert on her own 
particular group of parts. It will be noted (Fig. 54) that no blueprints are 
visible, the reason being that each girl knows the castings in her “group” and 
is thoroughly conversant with all relative dimensions. What standard of 
efficiency and accuracy these inspectors have attained can be judged from the 
fact that a machine shop rejection, for dimensional errors attributable to the 
foundry, of five castings in any one month would be considered excessive. 

154. In Fig. 55, the inspector in the foreground can be seen measuring 
the wall thickness of a coolant pump cover by means of a “figure-eight” type 
of caliper gauge. By holding the points at one end of the gauge against the 
thickness to be measured, a gap of similar size is made between the points 
of the other end, and this is measured by means of a taper gauge which is 
graduated in 0.025-in. from 0.050-in. to 0.400-in. 

155. All castings scrapped by these girls are reviewed by a male inspector 
before a definite rejection is made. The reason for this practice is that, 
although a casting may not be 100 per cent to drawing standard, the fault, 
as found by the girl inspector, may not be sufficiently serious to warrant scrap- 
ping, and it is upon the skilled inspector, who is conversant with the set-up 
of the casting on the engine that the final decision rests. 

156. East inspector in this section is equipped with a steel type of 1/16-in. 
letters with which every casting passed by her is stamped and, as each stamp 
comprises of different code letters, any casting discovered in the machine 
shops to be scrapped because of dimensional inaccuracy can be traced to the 
inspector who had allowed it to leave the factory. 


Heat TREATMENT 


157. The only remaining operation to be carried out on the castings is the 
ageing and solution treatment where required. After they have been stamped 
by the inspector, certifying that they have been inspected and approved, the 
castings are placed in metal bins, commonly known to the operators as “heat- 
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treatment baskets,” which are constructed of 16 gauge sheet iron perforated 
with 5g-in. diam. holes to allow the free circulation of the hot air around 
the castings, thus automatically insuring uniform heating while in the heat. 
treatment furnace. 








Fic, 55—Finat Dimensionat Inspection or CASTINGS. 
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Solution Treatment 


158. Certain constituents of aluminum alloys, e.g., copper-aluminide, mag- 
nesium-silicide and magnesium are soluble in aluminum to a much greater 
extent at a temperature near to the melting point of the alloy than at normal 
atmospheric temperature. 

159. For the purpose of bringing into solution such constituents as these, 
the castings are heated in a forced-air-circulation furnace (Fig. 56). It is a 
vertical cylindrical furnace and is designed so that, by means of a 30-in. diam. 
fan of the screw type with a speed of 1440 rpm., in conjunction with a baffle 
fitted between the charge and the heating elements, the air is circulated 
rapidly and uniformly in a definite path over the heating elements and 
t rough the charge in turn. The method of control of the hot air guarantees 


h 
the variance of the temperature to be not more than +6° F. and, irrespec- 


tive of the density of the charge, the maximum volume of air is always 


circulated. 


160. Overall, the furnace is about 8-ft. in diam. by 12-ft. deep, the 
dimensions of the heating chamber being 41/2-ft. diam. by 9-ft. deep. The lid, 
which also carries the air circulating fan, is suspended from a structural steel 
traversing carriage, and the outer edge is extended downward in the form 
of a skirt, so that when the furnace is closed it forms an air-tight seal with 
the trough provided around the top of the furnace casing. 

161. To charge the furnace, the lid is lifted clear of the seal by means of 
a motor operated mechanism and, by hand, it is traversed to one side on cast 
iron wheels travelling on flat-bottomed rails carried on a steel gantry running 
alongside about 3 ft. from floor level. 

162. On the other side of the furnace, sunk in a pit approximately 9 ft. 
deep, is the cylindrical quenching tank which is overall 12 ft. deep by 6 ft. in 
diameter. Fitted within are the immersion heaters which raise the temperature 


Fic. 56—Sotution Treatment FuRNace. 
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of the quenching medium to the predetermined level, the temperature at qj 
times being thermostatically controlled. 

163. Contained in perforated heat-treatment baskets, which have alreaj 
been described, the castings are loaded on the trays of a charge carrier (Fig 
56), and in this manner lowered into the heating chamber. A predetermine 
temperature is fixed, being slightly lower than that at which the lowest melting 
point constituent of the alley would fuse, and the castings are allowed to soa 
in the air which is being circulated, at this temperature, around the charg 
within the furnace. This soaking allows the diffusion of the constituents 1, 
take place, the immersion period being governed by the time taken to bring 
into solution practically all the constituents of the alloy. 

164. When this point has been reached, the charge is rapidly withdraw) 
from the furnace and plunged into the quenching tank—the time taken to 
transfer from one to the other must not under any circumstances exceed 2% 
seconds. Water, heated to a temperature of 194 °F., is the medium used to 
quench the aluminum alloys at present in production, these being described in 
detail at a later stage (paragraph 186). The object of this quenching treatment 
is to retain in solution throughout the mass the highest possible percentage of 
the constituents. 

165. However, the alloy in this state is not completely stable at normal 
atmosphereic temperature as the constituents in excess tend to precipitate in 
a microscopic form, and, if no further treatment was given to the castings, the 
precipitation would normally take place over a period of days. 


pre 
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Ageing 















166. A more uniform and consistent effect is obtained if the casting 
are further heat treated by artificial ageing and, to execute this treatment, 
two batch-type ageing furnaces have been installed (Fig. 57). The over- 
all dimensions of these units are 12 ft. long by 7 ft. wide by 9 ft. high, the 
size of the heating chamber being 8 ft. 3 in. long by 4 ft. 4 in. wide by 3 ft. 6 in. 
high, and they are fired by producer gas but so designed that they may be 
converted to town’s gas with the minimum loss to production. 

167. The temperature within the furnace is pyrometrically controlled, two 
thermocouples being fitted in each heating chamber, and the readings are 
recorded on a wall-type recorder mounted on each furnace. A high speed fan 
recirculates the hot air throughout the charge of castings in such a manner as 
to insure perfect uniformity of heat distribution. 

168. By means of an endless chain passing over a pulley wheel on the 
structure immediately above, the doors are lifted and lowered with comparative 


ease, being fitted with balance weights. A bogie, loaded with castings contained r 
in heat-treatment baskets, can be seen in Fig. 57 being pushed into one of these 

ageing furnaces. t 
- 169. The castings are allowed to remain in the heating chamber for a e 
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Fic. 57—Heat TreatMeENt FuRNACES. 


predetermined time, resulting in the acceleration of the precipitation of the 
micro-constituents by this form of artificial ageing. 

170. This solution treating and ageing has the effect of considerably 
increasing the tensile strength of the aluminum castings, although the majority 
of the alloys at present in production in this foundry are such that the 
mechanical properties of the castings produced in them are sufficiently high to 
withstand the stress demanded of them by being subjected to the low tempera- 
ture artificial ageing treatment only. 

171. On completion of this heat treatment, the bogie load of castings is 
withdrawn from the ageing furnace on a bogie transfer carriage mounted on 
wheels to run on the traverse rail track in the 331%-ft. long pit which runs 
along the front of the furnace. From this pit a rail track is run direct to the 
castings dispatch stores, as can be seen on referring to the foundry layout 
Fig. 28). 

Castincs DispatcH 


172. The dispatch stores are divided into two independent sections, viz., 
quarantine and bond, and it is into the first-mentioned that the castings are 
unloading from the heat-treatment bogie. 

173. A release certificate must be received from the foundry control 
laboratory certifying that materially the castings are sound and to standard 
specification before a transfer can be made to the bond stores, where they will 
remain until requisitioned by the machine shops. 

174. As a safeguard against any possible contingency, it has always been 
the policy of the management to hold in stock one month’s requirements in 
excess of the current machine shops’ requirements. 
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Diz MAINTENANCE 


175. As previously explained in the casting section (paragraph 98), one set 
of dies is used in production on one shift only, which enables the uninterrupted 
maintenance (Fig. 43), to be carried out on the dies during the following shifi 

176. By effecting this regular system of maintenance and minor repairs, 
long life is obtained from the dies and the possibility of mechanical breakdown, 
etc., is reduced to the absolute minimum, thereby considerably reducing th: 
risk of a “hold-up” in the scheduled flow of production. 


MATERIAL INSPECTION 


177. The raw material in ingot form, prior to being released from the 
ingot stores for melting, is subjected to a check on the chemical analysis, the 
test being taken on a representative ingot from each particular melt in al! 
consignments delivered to the foundry. It is imperative, in the interests oj 
maximum production output, that, at all times, sufficient ingot material be 
released by the laboratory to insure continuity of melting. 

178. In order to cope with the large number of tests required each shift, it 
was agreed that the only possible solution was the installation of some form of 
mechanization in chemical analysis, and for this purpose a medium quartz 
spectrograph (60 cm.) was installed. The results obtained from this unit have 
already more than warranted the initial expenditure, notwithinstanding its 
valuable assistance in overcoming the difficulties of the present-day labor 
position. 

179. Another service executed by this unit is the verification of the chemical 
composition of test bars from a percentage of the various melts. The foundry 
control laboratory records details of the alloys cast and parts produced during 
a particular shift, and this information is correlated to the test bars. 

180. From the same melts from which test bars for spectro-analysis ar 
taken, a standard test bar is cast for the purpose of determining the mechanical 
properties. Once more the information is correlated to both the melts and the 
test bars taken for chemical analysis. The release of the castings by the labora- 
tory is fully dependent upon satisfactory test results. 


RADIOLOGICAL INSPECTION 


181. Periodically, representative castings of each engine part produced ari 
collected at random by one of the metallurgists in attendance and submitted 
to the radiological department, where they are x-rayed by a staff of most 
efficient radiologists. Internal flaws, such as shrinkage, oxide inclusions, internal 
porosity, etc., not perceptible to the naked eye, are revealed under this inspec- 
tion, and it is upon the results of this systematic check-up that comparative 
assurance is obtained that the production technique specified is being con- 
formed to. 
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182. The principal advantages of this procedure can be more fully appre- 
ciated from the more detailed account of the radiological examination policy 
appearing in the die development section (paragraphs 67 to 75). 


PERSONNEL 


183. At the inception of this die-casting foundry, difficulty was experienced 
in obtaining the necessary skilled labor, as the production of high class alu- 
inum gravity die castings is an industry which is comparatively young in this 
particular district. Since few skilled operators could be acquired, obviously the 
lution could only be obtained by two methods, either to endeavor to recruit 
from further afield or engage unskilled labor locally to the trained by the few 
raftsmen chosen as leaders. 


184. General war-time labor conditions accentuated the prevailing difficul- 
ties, and it was decided that the only solution was to concentrate on the train- 
ing of whatever labor was released by the Man-Power Board. Results have 
revealed that the perseverance expended by the administrative staff has effected 
a high standard of craftsmanship throughout all departments in the foundry. 
[he ever-increasing rate of production is the outcome of the enthusiasm and 
splendid team spirit prevailing at all times among the workers. 


185. Table 1 outlines the build-up of this organization, and it will be noted 
how the productive responsibility has been assigned to insure maximum 
eficiency from every section. The extent to which female labor has been 
introduced can be gauged from the personnel statistics which quote the figure 
of 45 per cent of the total payroll to be female workers. The small numbers 
appearing in parenthesis in Table 1 represent the percentage of female labor 
employed in each section; where no number appears, the personne] of that 
particular section consists entirely of males. 


PROPERTIES OF ALUMINUM ALLoys USED 


186. Six alloys are in general use in this light alloy gravity die-casting 
foundry, viz., RR.50, RR.434, BSS L11, BSS L33 + Magnesium, BSS L33 and 
NA.226, having chemical composition and mechanical properties as detailed 


in Table 2. 


187. Alloy, R.R.50 (Table 2) is one of a range of complex aluminum cast- 
ing alloys, and is a most suitable material for general sand and die castings of 
the structual type where the property of rigidity and strength is desired. It 
possesses excellent castability, particularly when running intricately cored Cast- 
ings of widely varying metal sections. It machines freely, especially when heat 
treated, has good bearing properties, and the titanium content in the alloy 
acts as a refining agent. 
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Table 2 


COMPOSITION AND PROPERTIES OF ALUMINUM ALLOYS 


Alloy 


Copper, per cent 
Nickel, per cent 
Magnesium, per cent 
Jron, per cent 
Titanium, per cent 
Silicon, per cent 
Manganese, per cent 
Zinc, per cent 

Tin, per cent 

Lead, per cent 

Total Impurities, per cent 
Aluminum, per cent 
Heat Treatment— 
Temperature, °F. 
Time, hr. 

Quench, medium 
Solution Treatment— 
Temperature °F. 
Time, hr. 


Quench, medium 
Mechanical Properties— 


0.1 per cent Proof Stress, psi. 


Ultimate Stress, psi. 
Elongation, per cent (min. ) 


RRSO 


0.80-2.00 
0.80-1.75 
0.05-0.30 
0.80-1.40 
0.50-0.25 
1.50-2.80 


nil 
nil 
nil 
nil 


bal. 


311-338 


8-16 


air 


24,600- 
29,100 

29,100- 
35,800 
4.00-6.00 
60-80 


In GENERAL USE 


RR434 BSS L11 


0.80-3.00 6.00-8.00 
0.75-1.75 _ 
0.20(max. ) _— 
0.80-1.40 0.80(max. ) 
0.05-0.25 0.20(max. ) 
1.50-3.00 0.70(max. ) 
nil 
0.10(max. ) 
1.00 (opt. ) 
0.10(max. ) 


bal. 


bone 


20,100 
1.50 
60-20 


BBS Li1+Mg. 


BSS L33 


6.00-8.00 nil 
_ nil 
0.15-0.25 nil 
0.80(max.) 0.60(max.) 
0.20(max.) 0.20(max.) 
0.70(max.) 10.00-13.00 
nil 0.50(max. ) 
0.10(max.) 0.10(max.) 
1.00(opt. ) nil 
0.10(max. ) nil 


bal. bal. 


662 
20(min. ) 


air 


7,800 


16,800 
1.50 
80-110 


NA 226 
4.00-4.60 


0.70 (max. ) 

0.25 (max. ) 

0.90(max. ) 

0.20(max. ) 
bal. 


320-338 
12-16 


air 


977-1013 
12-16 
Water at 
176-212 °F. 


40,300 
53,700 


6.00 
80-120 


Brinell Hardness No. 


188. The fineness of grain size, brought about by the rapid cooling under 
die-cast conditions, is most distinct when a comparison is made of the photo- 
micrographs shown in Fig 58. These show the structure of the alloy when 
heat treated, revealing an intermetallic network around the aluminum-rich 
matrix. In its die-cast condition, the alloy exhibits very remarkable mechanical 


properties. 

189. Castings of low stress are produced in a secondary alloy known as 
RR.434 (Table 2), which is an alloy reclaimed from aluminum turnings of 
known origin. It has inferior mechanical properties compared with RR.50, 
but it is widely used for die casting when the mechanical properties are en- 
hanced owing to the conditions of cooling. The photomicrograph (Fig. 59), 
shows the structure to be similar to RR.50 but slightly coarser. 

190. For parts in which hardness is the essential feature, the ideal alloy is 
BSS Lil (Table 2), which is a sta’gsht 7 per cent copper-aluminum alloy 
possessing marked machinability. [fixe addition of magnesium to this alloy 
makes it admirable for castings in which the best possible bearing properties 
are required. The photomicrograph (Fig. 60) shows a typical structure exhib- 
iting copper-aluminide in an aluminum-rich matrix. 
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191. Alloy BSS L33 (Table 2) is a straight aluminum-silicon alloy con. 
taining 10 to 13 per cent silicon, and is susceptible to the phenomena knowy 
as modification. In the normal sand-cast form the eutectic is very coarse, the 
silicon occurring in relatively large needles, but when the alloy is modified 
the addition of 0.1 per cent sodium at 750 °C., the structure is remarkab) 
refined. It possesses very marked fluidity and corrosion resistance properties 
and is used for producing castings having jong, thin sections and for parts 
required to withstand the action of corrosive agents. 





Fro. 58—Puoromicrocearus, Structure or ALuminum ALLoy RR50. Hear TreaTep. MAGNIFICATION 
x150. Tore—Dre-Cast (Nore Fineness or Grain Size). Borrom—Sanp-Cast, 





Jou 


~> oe 





Joun VICKERS 


Fico. 59—PuoromicrocrapH, StrucrurRE OF ALUMINUM ALLoy RR434. Die-Cast. Maconirication x150. 


Fic. 60—PuHoromicrocraPH, StructuRE oF ALUMINUM ALLoy BSS L11. Die-Cast. Maconirication x150. 


192. 


Figure 61 shows a typical structure of the modified and die-cast alloy, 
showing white dendrites of prizgary aluminum in an unresolved matrix of 
aluminum-silicon eutectic. In 4fis condition, an increase in tensile strength of 
20 per cent and in percentage “iongation of 100 per cent is obtained over: the 
unmodified alloy. 


193. For highly stressed components, which would normally be manufac- 





' 
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Fic. 61—PuHoromicrocrarpH, Strucrure or AtumMinum A.Ltoy BSS L33. Moprriep ann Die-Cast 
MAGNIFICATION x150. 





Fo, 62—PxHoromicroorarn, Strucrure or ALUMtINUM ALLoy NA226. Die-Cast. Maconirication x150. 


tured as forgings, castings are now produced in NA.226 alloy (Table 2), which 
is a complex high duty aluminum casting alloy of the solution and precipitation 
heat treatment type. Due to the inherent chiding action, die casting this alloy 
greatly facilitates complete heat treatment. Fhe photomicrograph (Fig. 62 
shows broken copper-aluminide network in a matrix of aluminum-rich solid 
solution. 
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194. In conclusion, the author wishes to thank the directors of Rolls-Royce 
Ltd. and also the Ministry of Aircraft Production for their kind permission to 


publish this paper. 


DISCUSSION 


Presiding: R. E. Warp, Bendix Aviation Corporation, Teterboro, N. J 
Co-Chairman: A. T. Rupp, Bendix Products Corp., South Bend, Ind 


J. H. Wueever, Derby Foundries, Rolls Royce, Ltd., Derby, Great Britain, presented 
the paper as the author’s representative. 


W. B. ALEXANDER’: How do you seal the porous castings that have been impregnated 
with the oil for inspection? 


Mr. WHEELER: We do not. If a casting proves to be porous, it is scrapped 


G. H. StaRMANN’: Is the titanium added to the pig or is it added to the molten 
metal just before casting? 


Mr. WHEELER: The titanium is added to the pig as it leaves the metal manufacturers 
We have had very, very rare cases of titanium segregation due to bad refining, but they 
are in the region of probably one per cent. There is no titanium or grain refiner added 
in the foundry. 


H. J. Jacopson*®: What metal is used for making permanent molds? 


Mr. WHEELER: Ordinary gray iron with 2 per cent of chromium. We used to use 
meehanite but, while meehanite is an excellent material, delivery is rather bad and we 
are now using ordinary gray iron with an addition of 2 per cent of chromium and heat- 
treated. 


MemBeEr: You stated that the magnesium content was held between 0.09 and 0.11 
per cent. I believe that that is a rather low tolerance. How often do you sample the 
melt and what type of control is exercised to maintain that tolerance? 


Mr. WHEELER: That tolerance is very tight and very necessary. Because of that, when 
we get new furnace equipment we run it for 2 days, taking an analysis every half hour 
with our ordinary metal melting practice, degassing, cleaning, etc. From that we 
determine the rate of loss. Then it is part of the furnace operator’s procedure to add 
that particular percentage of magnesium every hour to make up the loss which has taken 
place. And after that, the material is analyzed every 3 hours. We have to make a bar 
from each crucible, that is, a test bar for the laboratory, and run a tensile test every 3 
hours. 


MemBeEr: Do you cast any magnesium castings in these permanent molds? 


Mr. WHEELER: Yes, we made an engine in 1938 that was all magnesium, and mag- 
nesium castings are used quite extensively. Our company does not use them extensively 
because one of the features that we particularly want is a high fatigue value, which we 
do not get with the magnesium. We believe that this is due to micro-porosity. We do 
not know. We are waiting for someone to produce a really good theory and diagram 

* Bakelite Corp., New York. 

* Apex Smelting Co., Chicago. 

* Industrial Pattern Works, Chicago. 
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on magnesium alloys. I do believe that you have over here magnesium alloys more pure 
than ours. But magnesium can be cast in the permaennt mold quite easily. In some 


features it is better than aluminum. 


E. S. CuristiANseNn‘: Were the photomicrographs showing the effect of titanium 
additions on grain size (Figs. 58, 59 and 61) taken from ingots, slabs or from Castings? 


Mr. WHEELER: Discounting the effect of chill, which naturally will refine it, there 
is no difference in the grain size between ingot and casting as far as titanium is cop. 


cerned because we do not lose titanium. 


Mr. CurisTIANSEN: That is the reason I raised that point, because it is quite a con- 
troversial question in this country. Many of the leading foundries have found a very 
direct loss of titanium effect. In other words, they do not find it carrying over from 
the ingot supplied by the producer to their casting operations in their foundries. 


Mr. WHEELER: When you take your ingot and melt it, have you taken an analysis 
from the top and bottom of the furnace to see if there is titanium segregation? 


Mr. CHRISTIANSEN: We take it three ways, top, bottom and middle. 


Mr. WHEELER: And you find no segregation. In that case, I would suggest that it 
has something to do with the metal practice because you definitely do not lose the 
titanium. The only way you will get large grain size is by overheating the metal or 


doing something you should not do with it. 


Mr. CHRISTIANSEN: It is a very interesting point. Many of the leading foundries find 
it just the opposite of that, and insist that the addition be made in the foundry at the 
time of pouring. 


Mr. WHEELER: I would suggest that the increasing grain size probably is due to 
something under their own control. I have not experienced that at all. 


A. Sucar®: I would like to suggest that Mr. Wheeler discuss two points that are in 
the paper and which he passed over without mentioning in his discussion. 

The first item is rather novel, as far as American practice is concerned. Several of 
the molds illustrated by Mr. Vickers were tilted during the pour. I believe that a dis- 
cussion of the procedure would be of interest because I doubt very much if there are any 
people in this country who do that type of casting. 

The second item, which differs radically from American practice, is the fact that you 
have no inspection, I gather from Mr. Vickers’ paper, after heat treatment. Do you run 


into any warpage or distortion during your scluticn quench? 
Mr. WHEELER: It is not a quench. 
Mr. SuGcar: You just have a solution treatment? 
Mr. WHEELER: it is a hot air treatment for 8 hours. 
Mr. Sucar: And you quench. I am sure Mr. Vickers speaks of quenching there. 
Mr. WHEELER: He is not talking of the normal alloy. 


Mr. WHEELER: Taking the first question, the majority of molds are tilted because we 
find that we get better control if we get a slow entry of the metal. The first thing we 
aim at is to get a slow entry without any oxide folds or turbulence marks. We displace 


* Apex Smelting Co., Chicago. 
5U. S. Metals Refining Co., Aluminum Div., Carteret, N. J. 
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the air and then, as far as possible, we use the riser to feed back. We use a large riser 
in many cases to stabilize the thermal condition in the mold. I would say that 80 per 
cent of the castings are either bottom poured or on the tilt, compressed air tilt. In 
many cases, we are now making power units, and the power unit is limited on its output 
by the strength of the castings we can make for it, and we have to make castings that 
are machined and etched and checked for grain size, apart from porosity; we have to go 
further than that, we have to produce them sometimes with two different grain sizes in 
two areas in the same casting. One of the things we aim at is that all potential sources 
of trouble be eliminated. We know that we get a clean casting if we bottom pour it 


or tilt it. 
Mr. Sucar: Is the rate of tilt critical? 
Mr. WHEELER: Yes, we predetermine that by an air cylinder. 
Mr. Sucar: It is not done by hand? 


Mr. WHEELER: In some Cases, yes, but we aim to get away from that as far as possible 
because that means that an operator is doing nothing. The normal heat treatment for 
the PM-754 alloy is 165° C. for 8 hr. and there is no quench. Can you find it in the 
paper? 

Mr. Sucar: Paragraph 164. 

Mr. WHEELER: He is referring there to the RR-53 alloy, which is the “Y” alloy 
series, although he does not actually mention it. 

Mr. Sucar: Is there inspection after heat treatment there? 

Mr. WHEELER: No. 

Mr. Sucar: You find that you do not get enough warpage? 

Mr. WHEELER: In the case of large castings which are very fragile, we have to put 
them in rigs and hold them when we quench, and we have to be very careful with the 
quench, naturally. It is a condition with which we experienced a lot of trouble in the 
early days of the war, particularly on circular flat plates. They would get a wave in 
them. We seem to have eliminated that by very gentle entry and holding the casting in 
a fixture. That was a case of trial and error. 


Memser: In the heat treatment, do you use an ageing operation? 


Mr. WHEELER: On the PM-754 alloy we use an accelerated ageing process. On the 
other alloy, which is similar to “Y” alloy, we have the quench and then an ageing 
process afterwards. If you want to eliminate the quench you can achieve it by using 
a natural ageing for about 60 hr., but it is a long time. 


MEMBER: You say that you produce these permanent moldings in from 3 min. to 
about 50 min. Does that necessarily mean that one casting is poured over 50 min.? 


Mr. WHEELER: Yes. 

MemBer: How is it done? 

Mr. WHEELER: That is an arbitrary labor factor. 
MemsBer: What about the cycle time? 


Mr. WuHeexer: The cycle time is considerably less. The cam cover, which is the thing 
you are thinking about, that was 70 every 8 hr. 
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Memser: No preheat on the mold in between times? 


Mr. WHEELER: If we find that the mold is losing temperature, then very often we 
increase the runner or riser to get heat into it. 


MemsBeErR: How about these complicated castings? 


Mr. WHEELER: We design the mold so that it works quickly. The production rate on 
the casting with all the loose pick-off pieces (Fig. 14) is 14 per hr. with a man and a 


boy. 


Cuamman Warp: Is much stress laid on the application of the dressings of the 
mold core? 


Mr. WHEELER: Definitely. As far as the foundryman is concerned, he wants to 
make his casting run as easily as possible so he makes a rough casting, but our machine 
shops will not have it. All the while the foundry tries to get an edge as rough as pos- 
sible and yet have the inspector accept it. But I would say that our castings are quite 
smooth. We have done a lot of research on die castings and the practice is now stabil. 
ized. As far as different coatings are concerned, there are about four types that we use 
and, if it is of any interest to you, we do use a different type for the runner. That is a 
coating with a very high asbestos content in runners and risers. But as far as possible 
on our mold design, we do try and eliminate all the trouble of baring off coating here, 
chilling this and chilling that. With the laborers whom we get there—gardeners, ca: 
drivers and what-have-you—we say, “There is a hole—pour the metal in it.” It is ou 
job to see that we get a casting out of it. 





Factors Involved in Superheating Gray Cast Iron and Their 
Effects on Its Structure and Properties* 


A. Wo. ScHNEBLE, JR.¢, Dayron, OHIO, AND 
Joun Curpmant, CamsBrIDGE, Mass. 


Abstract 


The effects of superheating on the properties of gray cast iron depend 
upon closely related variables which also influence the structure. Dis- 
crepancies in the literature on superheating effects are ascribed to 
failure to take these other factors into account. To study these factors 
a series of gray irons was prepared in a 10-lb. induction furnace built 
for melting and casting in vacuum or controlled atmosphere and with 
carefully controlled temperature. 

Superheating in vacuum or in dry nitrogen is substantially without 
effect except the indirect effect of a shift in composition. In air, 
superheating for a minimum length of time is without effect but hold- 
ing at temperature 5 to 30 minutes in a closed furnace increases mark- 
edly, then decreases the tensile strength. Superheating in moist nitrogen, 
hydrogen or carbon monoxide produces marked effects which depend 
upon time and temperature of superheating. 

The data are interpreted as showing that superheating effects are 
not to be attributed to destruction of residual nuclei. Results are also 
out of harmony with theories of nucleaticn by non-metallic particles. It 
is concluded that the presence of carbon monoxide is the chief factor 
operating to produce the effects of superheating. It is postulated that 
this gas acts as a graphitizer during solidification, and that the principal 
effect of hydrogen is that of a carbide stabilizer or carbon monoxide 


remover. 


INTRODUCTION 


1. It has been known for many years that the structure and properties of 
ordinary cast irons depend upon variables of the melting process to at least 
as great an extent as upon normal variations in chemical composition. The 
temperature attained in the melting furnace has been recognized as one of the 
factors which exerts an important influence upon the properties of the casting 
and considerable attention has been focused upon “superheating” as a means 
of assuring good mechanical strength. 


* This manuscript is taken from a thesis submitted in partial fulfillment of the requirements for the 
degree of Doctor of Science, Massachusetts Institute of Technology, Cambridge, Massachusetts. 


+ Metallurgical Engineer, The Advance Foundry Company. 
t Professor of Metallurgy, Massachusetts Institute of Technology. 
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2. A metal has been superheated when its temperature has been raised 
above its liquidus temperature, and the higher the temperature is raised above 
the liquidus the higher is the degree of superheat. Despite the simplicity of this 
basic concept, the term “superheated cast iron” as applied to a commercial 
product is most ambiguous. The ambiguity arises from the incomplete 
manner in which the word describes the treatment given to superheated iron 
and the importance of variables other than maximum temperature. It is for 
these reasons also that there is scant agreement among investigators in the field 
and that no generalizations can be advanced regarding the effects of super- 
heating on the structure of all kinds of cast irons under all melting and casting 
conditions. Superheating is only one of a number of closely associated factors 
which control the properties of the iron. Other variables such as casting tem- 
perature, composition, ladle additions, refractories, slags and gas atmospheres 
and the time intervals of the several stages of the process may all have con- 
tributory effects and the investigator must never lose sight of the possibility 
that superheating merely emphasizes the effects of one of these variables, per- 
mitting it to exert its full effect upon the structure of the casting. 


THE PRESENT STATUS OF SUPERHEATING 


3. As early as 1920, George K. Elliott’ recognized the possibility of benefi- 
cial effects from superheating cast iron, and introduced the practice of duplex- 
ing cupola cast irons with the electric furnace. Later Piwowarsky* became 
interested in the problem, and obtained data both from the laboratory and 
from the field. He concluded that superheating increased carbide formation, 
produced fine graphite in the cast iron, and lowered the eutectic temperature, 
or in other words, superheated irons tended to supercool. Tammanné stated 
that supercooling is favored when either the crystallization velocity, or the 
“nuclei number” is small. When both are large at the same temperature, 
extremely rapid cooling rates must be used to obtain supercooling. Piwowarsky 
believed that superheating completely dissolved all of the graphite nuclei, and 
hence lowered the “nuclei number” which would promote supercooling. 
Hanemann* gave support to this theory when he reported that he found 
graphite nuclei in irons heated well above the liquidus temperature. This 
indicated that such graphite nuclei did actually exist, but later Piwowarsky° 
disproved his theory when in 1934 he showed that practically all the graphite 
dissolved rapidly in cast iron a few degrees above the liquidus temperature. 


39 


4. Shortly after Piwowarsky published his work, Bolton® mentioned the fact 
that superheating may affect the form of graphite in gray cast iron. It was 
about this time that various investigators began to consider the effects of super- 
heating on cast iron, and a number of them began experiments along that line. 
In 1931 Tanimura’ showed that increasing the amount of superheat with a 


1 Numbers refer to references at the end of the paper. 
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constant pouring temperature decreased the size of the graphite particles, 


with an accompanying increase in physical properties, until a point was 
obtained at which it was difficult to obtain purely pearlitic irons, since the 
graphite particles had a tendency to be surrounded by ferrite envelopes. 


5. Along a different line, White and Schneidewind*® found that superheat 
decreased the annealing time required for malleabilization of white irons. In 
1933 Saeger and Ash® performed experiments on superheating three different 
types of iron. They concluded that superheating had little effect on the 
strength and hardness of the irons, and that the cross-sectional areas of the 
bars appeared to be the controlling factor. 

6. Until 1935 the reports on the effects of superheating found in the litera- 
ture were inconclusive, and showed little agreement between investigators. 
With this in mind, Di Guilio and White’® performed a series of experiments 
superheating gray cast iron in an electric furnace. For the first time 
data were obtained with accurate temperatures of superheating, constant pour- 
ing temperatures, and a fairly constant analysis. Their results showed increases 
in tensile strength up to superheating temperatures of 3000° F. and then sharp 
declines. Modulus of rupture and transverse strength also increased with 
tensile strength, and abruptly declined at 3050° F. A refinement of the 
graphite flakes was noted with increased superheating temperatures. Di Guilio 
and White attributed the effects of superheating to the presence of graphite 
nuclei, primarily in the liquidus-solidus range. 

7. Ziegler and Northrup": provided additional data in 1939 when they 
found that superheating to a high temperature and pouring at a lower tempera- 
ture resulted in a higher castability than pouring at the lower temperature 
without superheating. This was contradictory to the results of Saeger and Ash 
who found no increase in castability with superheat. It is interesting to note 
that both investigators used the spiral mold method’* for determining casta- 
bility, eliminating discrepancies due to different methods of determining casta- 
bility. Ziegler and Northrup found tensile strength and proportional limit to 
increase with increased superheating temperatures. However the increase over 
2800° F. was too small to justify additional superheating to obtain increased 
physical properties. No sharp decline was found as in the investigation of 
Di Guilio and White. The modulus of elasticity and Brinell hardness were 
found to be unaffected by superheating. 

8. Lorig**® viewed the problem in a little different manner when he investi- 
gated the effects of superheating and ladle inoculation on the properties of 
two types of cast iron. In both irons the tensile and transverse strengths 
decreased to a minimum at around 2650° F. to 2750° F. and then increased 
continuously with increased superheating temperatures. The deflection 
reached a minimum at around 2650° F. to 2750° F. and remained at this 
value at the higher superheating temperatures. The Brinell hardness was 
little affected. Inoculation with ferro-silicon, and calcium silicide removed 
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the dip in the tensile curve at 2650° F. to 2750° F. The deflection remained 
relatively constant with increased superheating temperature in the inoculated 
series. Lorig found two factors operating to change the strength of the iron, 
One was the formation of ferrite in the matrix at low superheating tempera- 
tures. This tendency decreased with increasing superheating temperatures, 
and a fully pearlitic matrix was obtained at the higher temperatures. The 
other was the continuous formation of a finer graphite flake size with increas. 
ing superheating temperatures. The formation of ferrite weakens the matrix, 
while further superheating increases the strength of the matrix by the forma- 
tion of pearlite, with the complete elimination of ferrite. The fine graphite 
flake size increases the strength of the matrix until a stage is reached where 
the dendritic pattern produced by these fine flakes produces chains of weakness 
throughout the matrix, and hence lowers the tensile strength. The combina- 
tion of these two factors gave the results shown by Lorig. Inoculation with 
ferro-silicon eliminates the effects of the graphite flake size by producing a 
random distribution in the graphite flakes, and the resulting tensile curve 
shows the effects of superheating on the matrix without the effect of the 
graphite. 

9. Pohl’® found that higher superheating temperatures increased the depth 
of chill. He also found that longer time at superheating temperature increased 
the depth of chill. This is an important consideration and brings to attention 
the possibility of a combination of time and temperature in the effects of 
superheating. 

10. Massari and Lindsay’* while investigating the effects of superheating, 
found that the superheating range of temperatures could be divided into two 
groups, one with the maximum temperature around 2700° F. and the other 
with temperatures above 2700° F. In the first group with low temperatures, the 
depth of chill on the cast sample was increased by lowering the pouring tem- 
perature. The depth of chill was decreased with lower pouring temperatures 
in the second group with high superheating temperatures. 


11. The investigators attributed this reversal of chilling action to the pres- 
ence of graphite nuclei in the irons superheated above 2700° F., which were 
precipitated, or formed in the melt while it cooled in the furnace. It was their 
opinion that the greater the time of cooling in the furnace, the greater the 
number of nuclei formed, hence decreasing pouring temperatures decreased 
the depth of chill because a longer time was required to cool to the lower 
pouring temperature. On the other hand, the irons that were not super- 
heated above 2700° F. did not have sufficient time of cooling in the furnace 
to form any number of graphite nuclei, and therefore the lower the pouring 
temperature, the greater the chilling effect of the cold mold, and hence, the 
greater the depth of chill. 

12. It can be readily seen from the above works that superheating undoubt- 
edly does affect the structure and properties of gray cast iron. However, prac- 
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tically nothing is known about the reasons why superheating has such an effect. 
No one theory will fully explain the effects noted by all of the investigators 
Likewise, none can account for the differences in physical properties and micro- 
structure when similar methods were used in superheating. A basic working 
theory is required before the mystery of superheating can be solved, and its 
effects tabulated and put to practical use, either in the field, or as a stepping 
stone for further fundamental research on the structure of gray cast iron. 


THEORIES EXPLAINING SUPERHEATING EFFECTS 
Graphite Nuclei Theory 


13. The graphite nuclei theory postulates the existence of graphite nuclei in 
the melt which act as seeds for the crystallization of graphite during solidifica- 
tion. The presence of such nuclei enables graphite flakes to form and grow to 
considerable size during the freezing of the eutectic liquid. The absence of 
graphite nuclei will permit undercooling and the formation of fine graphite. 
By superheating gray cast iron these residual graphite nuclei are dissolved in 
the melt and are eliminated as seeds for crystallization during solidification. 
The actual “nuclei” that promote crystallization must therefore be obtained 
by other means, and the absence of the residual graphite nuclei deprives the 
melt of their help during solidification and therefore promotes the formation 
of fine graphite. Because of the absence of these residual “nuclei,” crystal- 
lization is delayed to such a low temperature that the rate of crystallization 
is high, and a number of fine graphite flakes are formed simultaneously deplet- 
ing the melt of available carbon and preventing any one graphite flake from 
growing to any extent. 

14. In support of this theory are Hanemann*, Massari and Lindsay, and 
Di Guilio and White*®. Opposed to this theory are Piwowarski® and 
Norbury”®. 

15. The fact that graphite additions in the ladle will produce coarse graph- 
ite flakes in the matrix is no support for this theory, since ferro-silicon and many 
other alloys are capable of producing this effect. If they all had a “seeding” 
effect on the graphite flakes one would suppose that almost any material 
would be capable of furnishing nuclei for graphite flakes, providing that it 
could be introduced into the melt in a fine state of dispersion, and kept there 
long enough to have an effect. 


Non-metallic Nuclei Theory 


16. Norbury and Morgan*® *", and Pierce’* have proposed that various non- 
metallic nuclei “seed” the graphite flakes in gray cast iron. This theory is 
essentially the same as the graphite nuclei theory, with non-metallic’ nuclei 
substituted for the graphite nuclei. In addition to dissolving in the melt, 
the non-metallic nuclei may be rendered ineffective by melting at high tem- 
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peratures, coalescing, and floating out of the melt, or by reaction with other 
substances in the melt which lower their melting point, causing the same effect. 
There is little direct evidence in support of this theory. Both of the above 
theories have the advantage of being simple, but neither has direct and con- 
clusive evidence in its favor. In fact much direct evidence exists against 
these theories. 


Silicate Slime Theory 

17. The silicate-slime theory of Von Kiel and his colleagues’® *° has little in 
its favor but is mentioned for the sake of completeness. It belongs to the non- 
metallic nuclei theory, but is presented separately because of the attention 
drawn to it after its publication. Von Kiel proposed that nucleation of the 
graphite took place by a cloud of sub-microscopic ferrous silicate inclusions in 
the melt. The principal constituents of this cloud are FeO and SiO». Removal 
of either one of the constituents would eliminate the nuclei. SiO. should be 
removed by the action of a strong reducing agent such as magnesium or 
calcium, or by superheating the melt to a sufficiently high temperature to melt 
the SiO, and remove it from the melt. Deoxidation of the FeO with a more 
powerful deoxidizer than silicon would likewise render the ferrous silicate 
ineffective in nucleation. The size and dispersion of the silicate inclusions 
seemed to be fairly critical, in fact so critical that such inclusions cannot be 
generated and controlled in the melt. The silicate-slime theory has little 
evidence in its favor, and is not generally regarded as a possible explanation 
of the formation of the various forms of graphite. 


Gas Content Theory 


18. At present there is no theory to account for the effect of gases on the 
structure and properties of gray cast iron. However, various investigators have 
shown that the presence or absence of gases has a pronounced effect on the 
microstructure of gray cast iron. Hanson*? and Boyles** ?* 74 have shown 
that all of the graphite in pure iron-carbon-silicon alloys exists as fine eutecti- 
form graphite in a matrix of ferrite, when the alloy has been melted in 
vacuum. This structure was coarsened by remelting in air. Melting the same 
alloy in vacuum again produced the original eutectiform graphite structure, 
showing that the change was entirely reproducible. Boyles found that nitrogen 
had no effect on the structure of cast iron, but that small amounts of water 
vapor included with the nitrogen tended to coarsen the graphite structure. 
Norbury and Morgan’® showed that bubbling hydrogen through the melt 
produced a coarsening action on the graphite. Bubbling steam through the 
liquid metal had the same general effect as hydrogen, the steam probably being 
decomposed. Boyles showed that heats melted under hydrogen showed first 
a coarsening of the graphite structure with increasing hydrogen pressure until 
a maximum graphite flake size was reached, then a refinement with further 
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increase in pressure. The same effect was obtained by increasing the time the 


liquid metal was held in contact with hydrogen, and also by raising the tem- 
perature of the liquid iron. Boyles proposed that hydrogen could be con- 


sidered as having a stabilizing effect on the eutectic carbide. He has shown 
then how increasing stability of the eutectic carbide would be equivalent to a 
decreasing tendency for the formation of graphite flakes, and that with increas- 
ing stability of the eutectic carbide, the graphite flake size would increase 
to a maximum and then decrease to a minimum, the limiting condition being 
white iron. 

19. It is interesting to adopt this viewpoint of Boyles. Elements having an 
unstabilizing effect on the carbide, or in other words elements or gases that 
favor the promotion of graphite rather than the formation of carbide, would 
give the reverse of the action of hydrogen. This might be expected to produce 
a series of increasing and then decreasing graphite sizes with increasing 
amounts of these gases. Carbon monoxide and carbon dioxide are suggested 
as gases that might have this effect. Honda and Murakami®* have proposed 
that the decomposition of cementite may be caused by the catalytic action of 
CO or CO, according to the equations: 


2CO=CO.,+C 
CO, +Fe,C=2CO+3Fe 


Although little is known about the effects of gases on the structure of gray 
cast iron the evidence seems to indicate that they play an important role in all 
melting and casting operations in determining the final structure and prop- 
erties of the gray iron casting. 


PuRPOSE OF THIS INVESTIGATION 


20. It is evident from the foregoing discussion that there is little knowledge 
of the exact effects of superheating, and very little knowledge of the mechanism 
that causes these effects. Obviously there are some outstanding factors other 
than mere temperature, and as long as these factors are ignored and uncon- 
trolled little agreemenet can be expected between investigators, and little prac- 
tical use can be derived from our limited knowledge of superheating. 

21. The authors therefore proposed to set up an investigation to determine 
the fundamental factors causing these effects. Once they have been deter- 
mined, further work with these factors controlled would give coherent data, 
and data that could be duplicated and put to practical use. This investiga- 
tion makes no attempt to determine quantitatively the magnitude of these 
effects. Its sole purpose is to uncover the chief factor or factors causing the 
superheating effects, and leaves the exact determination of their magnitude 
to future investigators who may benefit by the results of this work and control 
the factors causing the previous discrepancies. 
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EQUIPMENT AND EXPERIMENTAL PROCEDURE 


22. The investigation was planned to separate the effects of nucleation from 
the effects of gases. Melts made in an atmosphere open to the air were to be 
compared to melts in which the furnace atmosphere was carefully controlled, 
and the bars to be cast in the same atmosphere that existed during melting 
and superheating. In this manner the effects of various gases could be 
evaluated, and the net effects of nucleation and other factors would then be- 
indicated. 

23. A 10-lb. capacity high frequency furnace was used to make the melts. 
The furnace was so constructed that melting, superheating, and casting took 
place in a controlled atmosphere of any desired gas, or in vacuum. A cross- 
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Fic. 1—Cross Section or Vacuum Fic. 2—Meotp ror Test Bars. 
INDUCTION FURNACE, 

sectional diagram of the furnace is shown in Fig. 1. The whole furnace is 
tilted to pour the metal from the crucible to the core-sand mold. Figure 2 
shows the core sand mold into which the molten metal’ was poured. Slag 
wool was placed under this core to decrease the chilling effects of the water 
cooled jacket surrounding the core. The furnace was vacuum tight, and a 
vacuum of 1 to 2 mm. could be obtained in the presence of the molten charge. 
Figure 3 shows a picture of the furnace in an upright position with the con- 
trol panel in the background. The power was supplied by a 60 kw. motor- 
generator set. 

24. The temperature of the metal was continuously measured by a tung- 
sten-molybdenum thermocouple encased in a vitreous silica tube. Temperature 
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measurements were believed to be well within the limits of plus or minus 10° F. 
The couple was introduced in the metal as soon as it had been melted, and 
maintained there continuously during superheating and casting. 


25. The time required to melt the metal and superheat to the desired tem- 
perature was controlled by varying the power input. In all cases the melt was 
cooled to 2500° F. and poured. Casting conditions were considered to be 
identical because the same core and furnace was used in all heats. The core 
was dried in an oven at 300° F. before being used, to drive off all moisture. 


96. From each heat a bar 6-in. long and 1.2-in. in diameter was obtained. 
An inch was cut from each end of the bar and discarded. A standard 0.800-in. 
tensile specimen was machined from this 4-in. long bar, according to the 








Fic. 3—Furnace in Verticat Mettino Position. 


A.S. T. M. specifications. After testing, a ¥g-in. thick specimen was cut from 
the broken bar adjacent to the fracture and used for Brinell hardness measure- 
ments and micro-examination. Turnings for chemical analysis and specimens 
for vacuum fusion analysis were taken from the ends of the broken bars. 


27. Four hundred pounds of cupola iron in small pigs was used as raw 
material for all heats. The metal was cast from a single ladle and was of the 
following composition: silicon 1.68 per cent, manganese 0.77 per cent, phos- 
phorus 0.148 per cent, sulphur 0.085 per cent, combined carbon 0.45 per cent, 
graphitic carbon 2.65 per cent. 
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Fic. 6—Tor—Tyrz “A-C”? Grapuire. 25X. Unercuep. Borrom—Tyre —_— Grapruite. 25X. 
UNeTCHED. 
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EXPERIMENTAL RESULTS 


98. The investigation contained about 125 specimens, and each of these 


28. 
specimens was photographed at 25 diameters unetched, 100 diameters un- 
etched, 500 diameters etched, and 25 diameters etched deeply to show cell size. 
[he presentation of all the photomicrographs is impossible, and therefore a few 
fundamental examples will be presented to facilitate the presentation. In 
general two main types of graphite were encountered. Type “A” which is 
ordinary hypo-eutectic flake graphite, and type “B” which is a eutectiform 
type of graphite. These are shown in Fig. 4. Various combinations of these 
structures were encountered and a third varity type “C” illustrates a com- 
bination of fine flakes and a eutectiform graphite structure. The various 
combinations of the structures are shown in Figs. 5 to 8 inclusive, at 25 
diameters. Close examination of these two types of graphite shows them to be 
of different structural forms. Figure 9 shows the structure of Type “A” 
graphite and Type “B” graphite at high magnification. It appears obvious 
that they are formed under different conditions. Type “B” graphite generally 
exists in a matrix of ferrite, but can also exist in a matrix of pearlite as shown 
in Fig. 10. As will be shown later the presence or absence of various gases 
determines the presence or absence of ferrite in this structure. 

29. In presenting the data, the graphite structures will be referred to as 


type “A-C,” etc., and the corresponding illustrations will show the type of 
graphite present in that particular specimen. 


Melts Made in Air 


30. Two series of heats were made in air to determine the effects of super- 
heating under the conditions present in this investigation. The metal was not 
held at the superheating temperature, but immediately allowed to cool to 
2500° F. and poured. The complete operation of melting, superheating 
and casting required about 20 to 22 minutes. Tables 1 and 2 give the struc- 
ture, properties, and composition of these two heats, Series A and Series C. 
Results of the heats are shown graphically in Figs. 11 and 12. 


Table 1 


Series A. SUPERHEATED IN AIR. SiLica CRUCIBLE 
Time at Tensile 
Temp., Temp., Strength, Graphite 
FP. min. psi. BHN Structure Si G.C. 
2500 37,800 217 A-C 1.52 2.37 
2600 35,700 212 A-C 1.55 2.31 
2700 $8,100 217 AC 1.52 2.32 
2800 36,900 217 A-C 1.54 2.28 
2900 Sig00 217 AD 152 22 
2950 $9.200 217 AC 155 228 
3000 $8,200 229 AC 1.52 2.25 
3100 35,900 220 AC 1.51 
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Table 2 


Series C. SUPERHEATED IN AIR. SILICA CRUCIBLE 
Time at Tensile 


Temp., Temp., Strength, Graphite 

Bar °F. min. pst. BHN Structure Si G.C, Ce. FX. 0, \ 
38 2500 0 36,900 207 A 2.21 2.40 0.67 3.07 
39 2600 O 37,100 207 A-C 2.22 2.25 6.76. 381 
40 2700 0 35,000 207 A-C 2.26 2.41 0.64 3.05 
41 2800 O 39,800 223 A-C 2.22 2.29 0.58 2.87 

2 2900 O 39,600 223 A-C 2.22 2.30 0.57 2.87 
43 3000 O 38,800 229 A-C 2.29 2.22 0.63 2.85 
44 3100 O 37,600 223 A-B 2.24 2.34 0.53 2.87 


31. The following information was gained from the melts made in air: 


(1) Superheating has no effect on the tensile strength and hardnex 
of cast iron (of these compositions) when the melting and super. 
heating times are kept at a minimum. 

(2) Higher temperatures have a slight tendency to increase ferrite 
formation. 

(3) Higher temperatures have a tendency to promote the forma- 
tion of euteciform graphite. 


Melts Made in Air with Furnace Atmosphere Enclosed 


32. Since Series A and Series C showed that superheating has no effects on 
cast iron, additional melts were made in an attempt to obtain some of the 
reported effects of superheating. In Series D, E, and F, the metal was held 
for various lengths of time at each superheating temperature before beins 
cooled to 2500° F. and poured. In these series the pyrex glass window was 
inserted on the top of the copper dome, and the atmosphere thereby enclosed. 
The copper dome was not sealed, and an increase in pressure from the inside 
would allow gases to escape, while any decrease in pressure would allow air 
to be admitted into the atmosphere above the crucible. Tables 3, 4, and 5 
give the structure, properties, and compositions of the melts at 2500° F., 
2800° F., and 3000° F., respectively. Figures 13, 14, and 15 show the results 
graphically. 


Table $ 
Series D. SUPERHEATED TO 2500° F. anp HeELp From 0 To 30 MINUTES 
Sttica CRUCIBLE 
Time at Tensile 
Temp., Temp., Strength, Graphite 
Bar 2: min. psi. BHN Structure Si G.C. Ce. TH. 0, N, 
52 2500 0 38,700 207 A 1.49 2.29 0.78 3.07 oe 
53 2500 10 38,000 207 A 1.47 2.34 0.80 3.14 eee a daira i 
55 2500 20 40,500 217 A 1.45 2.34 0.74 3.08 ae 
60 2500 30 40,800 217 A-C 158 221 @GBS BaP wsnse. 0 
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Table 4 
Serres E. SUPERHEATED TO 2800° F. anp HELp From 0 to 30 MINuTEs. 


Smica CRUCIBLE 
Time at Tensile 
Temp., Temp., Strength, Graphite 
oF. min, psi. BHN Structure Si G.C, C.c. T.C. 
2800 0 37,200 217 A-C LS? Bay 0.67 3.04 
2800 10 40,300 230 A-C 1.48 2.18 0.76 2.94 
2800 20 42,400 235 A-C LSS 237 0.75 2.92 


2800 30 37,900 235 A-C 1.60 2.11 0.76 2.87 


33. At the high temperatures the reaction SiO, + 2C = Si + 2CO took 
place and lowered the carbon content and raised the silicon content in Series F. 
Because of the extreme change in composition the tensile curve cannot be 
accepted without some qualifications. The silicon and carbon contents of 
bar 67 are between those of bars 65 and 66, yet its tensile strength is 7000 to 
8000 psi. lower. This great drop in tensile strength is significant and does 
not appear to be due to a compositional change. The oxygen content of bar 67 
is 57 per cent higher than that of bar 65, determined by vacuum fusion 
analysis. This seems to indicate that some of the CO produced by the reaction 
of the carbon in the metal with the silica of the crucible may have dissolved 
in the metal, and caused this drop in tensile strength. 


34. The following information was gained from melts made in an enclosed 
atmosphere at constant temperatures: 


(1) Increased holding time at constant temperature first raised the 
tensile strength, and then decreased it with further increases in 
holding time. The higher temperatures decrease the time re- 
quired to produce the maximum tensile strength. 

The maximum tensile strength produced is the same for all 
temperatures, and evidently is not a function of the tempera- 
ture. 


A very slight tendency to produce ferrite was found with 
increasing time at constant temperature. 

(4) Increases in the holding time at constant temperature produce 
eutectiform graphite, this action being greater, the higher the 
temperature. 


Table 5 
Sertes F. SuperHEATED To 3000° F. anp HELp From 0 Tro 30 MINUTEs. 


Smica CRUCIBLE 
Time at Tensile 
Temp., Temp., Strength, Graphite 
Bar °F, = =omin, psi. BHN Structure Si G.C. C.C. 
29 3000 O 38,200 229 A-C 1.52 2.25 0.67 
5 3000 10 42,400 269 A-B 1.76 1.79 0.86 
3000 15 41,700 269 A-C 1.96 166 0.81 
3000 30 34,500 255 B-C_ 1.79 1.77. 0.78 
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Table 6 
Series L. SupERHEATED IN AIR WITH Ho.pinc TIMEs oF 10 To 30 


MINUTES RESPECTIVELY. SILICA CRUCIBLE 
Time at Tensile 


Temp., Temp., Strength. Graphite 
Bar °F. min. psi. BHN Structure Si G.C, Cc. FL. 0, N 
53 2500 10 38,000 207 A 147 2.34 0.80 3.14 a 
57 2800 10 40,300 230 A-C 1.48 2.18 0.76 2.94 


65 3000 10 42,400 269 A-B 1.76 1.79 0.86 2.65 0.007 0,09 
60 2500 30 40800 217 AC 1.58 2.21 068 289. ..... . 
59 2800 30 37,900 235 -A-C 1.60 2.11 0.76 2.87 

67 3000 30 34,500 255 B-C L7d 3.77 60.76 250 


35. The effects of holding time in relation to superheating can be illustrated 
by arranging the data in Series D, E, and F into two superheating series, one 
with holding times of 10 minutes at temperature, and the other with 3) 
minutes at temperature. At the same time, the data have been chosen so that 
although the chemical analysis is not constant (because of the reaction of 
the carbon in the metal with the silica crucible), the analysis changes in the 
same direction, and about the same amount for both series. This method 
eliminates the serious objection of changes in chemical analysis. Table 6 
shows the data for Series L arranged in this manner, and Fig. 16 illustrates 
it graphically. 

36. Series L definitely shows that the holding time at the superheating tem- § 
perature is an important factor in determining the resulting tensile strength 
and the graphite structure of this cast iron. The results of this series indicate 
that superheating effects are a combination of both temperature and time. 

37. Series D, E, and F indicated that the presence of CO produced by the 
reaction of the silica crucible and the carbon in the metal might cause’ the 
observed effects on the strength and structure of the iron. The greatest effect 
was found at 3000° F. Therefore, a duplicate, Series J, was made at this 
temperature in an alumina crucible. Table 7 gives the results of this series 
and Fig. 17 illustrates them graphically. 

38. The carbon content dropped considerably, and the silicon content was 
raised in Series J. The tensile strength curve is the same shape as that in 
Series F. However, the change in tensile strength is much less than obtained 
with a silica crucible. Evidently some CO was produced by reduction of the 


Table 7 
Series J. SupeRHEATED To 3000° F. anp HEtp From 0 To 30 MINuvTES. 
ALUMINA CRUCIBLE 
Time at Tensile 
Temp., Temp., Strength, Graphite 
Bar °F, min, psi. BHN Structure Si G.C. Cl. . FG: 0, y, 
78 3000 OO 35,700 235 A-C 1.69 2.21 0.71 2.92 
80 3000 10 38,000 248 Cc 1.73 2.09 0.75 2.84 So deg | awe 
7 3000 20 37,600 255 B-C 1.80 1.93 0.74 2.67 cre oa Pee ay 
77 3000 30 35,500 265 B-C 1.89 1.82 0.78 2.60 vee 
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Table 8 
Serres H. SUPERHEATED IN NITROGEN TO 3000° F. anp HELD From 0 To 30 
MINuTES. Siica CRUCIBLE 


Time at Tensile 
Temp., Temp., Strength, Graphite 
Ba F min, psi. BHN Structure Si 
6g 3000 «0 = 35,100 229 ABC 1.76 
70 3000 10 35,000 223 A-B-C 1.75 
69 3000 20 35,400 229 A-C 1.85 
” 3000 30 33,600 229 A-C_ 1.91 


ro) 


ca. Tx. O, N, 
0.64 2.92 0.004 0.008 
0.60 3.01 

0.66 2.87 A, ee or 
0.63 2.89 0.007 0.010 


mnn ¢ 
hr Mh & NO 
—_ — 


nH 


r 


jlica binder in the alumina crucible, as the silicon content of the metal 
increased as the carbon content decreased, but the extent of this action 
was much less than with the silica crucible. 

39. It appears that the effects found in Series J are the same as those found 
in Series F, but of a smaller magnitude, due to the decreased quantity of 
silicon available for reaction with the carbon in the metal. 


Melts Made in Nitrogen 


40. Series F was repeated in nitrogen to determine the effect of removing 
the CO formed, and the effects of nitrogen. A silica crucible was also used in 
this series. The nitrogen was dried by passing it through calcium chloride, 
and all oxygen removed by passing the dry nitrogen through heated copper 
gauze. The data for this series, Series H, are given in Table 8, and the 
graphical representation in Fig. 18. 

41. Only a comparatively small increase in silicon and a small decrease in 
carbon was found in Series H. A strong flow of nitrogen (3 liters per minute) 
was maintained through the furnace, which continuously removed any CO 
formed. 

42. Both the hardness and the tensile strength were unaffected by increasing 
the time the metal was held in nitrogen at 3000° F. These values were remark- 
ably constant, and show that nitrogen itself has no effect on the strength of 
the iron. A small decrease in the size and quantity of the eutectiform graphite 
was noted with the longer holding times. This production of flake graphite is 
opposite the results obtained in Series F. Some ferrite was formed by the 
longer holding times. 


Table 9 
Sexes I. SUPERHEATED To 3000° F. 1x NitrocGeN ConTAINING WATER 


Vapor, AND HELD From 0 To 30 Minutes. Sirica Crucis_e 
Time at Tensile 
Temp., Temp., Strength, Graphite 
"F. min, psi. BHN Structure Si G.C. Gc. . TL. 
3000 0 36,000 235 A-B-C 1.97 0.70 3.01 
3000 10 34,400 214 Cc 1.78 2.29 0.67 2.96 
3000 20 37,300 248 Cc 1.94 0.67 2.76 
3000 30 37,900 248 Cc 1.91 2.06 0.69 2.75 
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Table 10 
Series K. SUPERHEATED FROM 2500° F. To 300\)° F. in NrTROGEN Saturargy 
witH WATER Vapor, HOLDING FoR 14) MINUTEs aT Eacu 
SUPERHEATING TEMPERATURE. ALUMINA CRUCIBLE 


Time at Tensile 


Temp., Temp., Strength, Graphite 
Bar sf min, pst BHN Structure Si G.C. Cia. 26 O, v. 
82 2500 10 38,800 229 A 1.65 2.19 0.72 2.91 0.008 oor 
81 2700 10 39,100 229 A-C 1.68 2.21 0.70 2.91 Dae . 
83 2850 10 42,400 235 A-C 1.72 2.14 0.79 2.93 0.007 1.008 
84 3000 10 41,400 248 A-C Lv? a8 0.69 2.80 


Melts in Nitrogen Containing Water Vapor 


43. Heats were made in nitrogen containing water vapor in order to deter. 
mine its influence before further investigating the effects of CO. Table 9 gives 
the data for this series, Series I, and Fig. 19 shows them graphically. 

44. Further series of heats were made in nitrogen saturated with water 
vapor at about 70° F., superheating to temperatures between 2500° F. and 
3000° F., holding the metal at temperature for 10 mniutes. The results of 
this series, Series K, are given in Table 10 and in Fig. 20. 

45. An increase of 9 per cent in tensile strength was found with superheat- 
ing in nitrogen saturated with water vapor. This indicates that the effect of 
water vapor with superheating is not very great. The increase in hardness at 
3000° F. can be ascribed to the decrease in carbon content at this temper- 
ture. Superheating above 2500° F. increased the amount of eutectiform 
graphite in the specimens. No ferrite was found in the series, indicating that 
water vapor inhibits the formation of ferrite. 

46. Although the presence of water vapor caused a slight increase in the 
tensile strength, its effect does not appear to be large enough to account for the 
reported effects of superheating. Boyles** has found that the effect of nitrogen | 
depends upon the care used in drying the gas. Melting iron-carbon-silicon 
alloys in vacuum produced a fine eutectiform graphite structure throughout 
the matrix. Remelting this alloy in nitrogen that has been dried with ordinary 
care (as was done in the present investigation) coarsened the graphite struc- 
ture. When the nitrogen was dried by bubbling through sulphuric acid, 
followed by passing over copper turnings at 1600° F. and finally through 
calcium chloride and magnesium perchlorate, and stored in contact with the 
drying agent for 24 hours, it was found that it has practically no coarsening 
effect on the graphite structure of vacuum melted irons. The presence of 
water vapor in the cupola blast will cause small castings to chill. This i 
particularly evident in the manufacture of cast iron piston rings. However, 
it appears that once a small amount of moisture is present in a gas, further 
additions will have but a slight effect on the properties of cast iron in crucible 
melts, unless one goes to the extremes of using 100 per cent water vapor in 
the form of live steam. 
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Table 11 
Series B. SuPERHEATED IN VACUUM FROM 2500° F. to 3000° F. 
Sttica CRUCIBLE 


Time at Tensile 
Temp., Temp., Strength, Graphite 
Bar "7 , min. psi. BHN Structure Si G.C C.c. T.C. O \ 


33 2500 0 29,700 197 A-B 158 2.29 0.68 2.97 0.007 0.003 
35 2600 O 29,500 192 A-B Lee 24. «©§6U0b SRR 
36 2700 O 31,100 201 A-B 162 2.20 0.70 2.90 


45 2800 0 29,000 201 A-B 1.67 2.22 0.74 296 ..... .. 
46 2900 0 28,800 212 A-B 1.75 2.29 0.67 2.96 0.007 0.0 
47 3000 0 33,500 217 A-B 1.92 2.14 0.57 2.71 


Melts Superheated in Vacuum 


47. Various series of melts were made in vacuum to investigate the effect: 
of superheating in the absence of gases. The results of these series indicate 
that the effects of superheating are negligible in a vacuum. Series B was run 
with various superheating temperatures in the same manner as Series A and 
C, except that it was in a vacuum. Series G was superheated to 2500° F 
in a vacuum, and held for various lengths of time, while Series M was 
similarly treated at 3000° F. The reduction of silica by the carbon of the 
melt took place extremely rapidly in the vacuum melts at high temperatures 
The composition of the melts made at 3000° F. in vacuum changed con- 
siderably. The silica protection tubes for the thermocouple were attacked so 
vigorously that they lasted only about 10 minutes in the melt. A silicon 
carbide protection tube around the silica tube was used in making bar 85 in 
Series M. The silicon carbide dissolved extremely rapidly in the metal in 
vacuum at 3000° F., and this accounts for the very high carbon and silicon 
content of this melt. A magnesia protection tube was tried as protection for 
the silica tube, but it lasted only 15 minutes or so. An optical pyrometer had 
to be used to measure the temperature of bar 103 during the melting as it 
was impossible to find a protection tube that would last 30 minutes in the 
melt under those conditions. 

48. Tables 11, 12, and 13 give the data for Series B, G, and M, and Figs. 21, 
22, and 23 represent the data graphically. 

49. The tensile strength was unaffected by superheating in a vacuum. The 


Table 12 
Series G. SupPERHEATED TO 2500° F. 1n Vacuum, aANp HELp From 0 To 5U 
Minutes. SILica CRUCIBLE 


Time at Tensile 


Temp., Temp., Strength, Graphite 
Bar oF. min. psi. BHN Structure Si G.C Ca. FH 0, N, 
50 2500 0 29,350 185 A-B 1.63 2.56 0.54 3.10 0.007 0.005 
51 2500 10 28,800 185 A-C 167.256 . O55. 3.11 " 
61 2500 20 27,700 180 A-B 161 2.61 0.33 2.94 


63 2500 30 28,500 185 B-C 1.63 2.64 0.39 3.03 0.006 0.007 
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Table 13 
Series M. SUPERHEATED TO 3000° F. 1s Vacuum ANp HELp From 0 To 30 
MINUTES. ALUMINA CRUCIBLE 
Time at Tensile 


Temp., Temp., Strength, Graphite 
Bar oF, min, psi. BHN Structure Si GC. Ce. TS. 0, N, 


85 3000 O 27,400 183 A-B 246 2.71 0.36 3.07 0.005 0.006 


10i 3000 10 28,400 229 B 1.79 2.01 0.67 2.68 
102 3000 20 33,400 217 B 1.87 1.90 0.68 2.58 oT 
103 3000 30 27,600 217 B 1.78 1.77 0.71 2.48 0.020 0.004 


vacuum heats showed a much lower tensile strength than the melts in air or 
other gases. The tensile strength seemed to be constant at about 27,000 to 
28,000 psi. Vacuum melting produces an abundance of eutectiform graphite 
and ferrite. The higher the temperature, and the longer the metal is held 
liquid in vacuum, the greater the amount of ferrite and eutectiform graphite 
produced. Series B shows increasing amounts of ferrite and eutectiform 
graphite with the higher superheating temperatures. Series G shows increas- 
ing ferrite and eutectiform graphite with increased holding time. Series M 
showed an extreme amount of ferrite and a complete structure of eutectiform 
graphite. Figure 10 (top) shows the amount of ferrite associated with the 
eutectiform graphite in bar 85. 

}0. Variations in the pressure from 2 to 15 millimeters did not seem to have 
any noticeable effect on the resulting structure and properties. The Brinell 
hardness of the vacuum melts was lowered considerably due to the presence 
of ferrite. —The combined carbon content was lowered from 0.60 to 0.30 per 
cent. The presence of manganese in the melts tended to prevent complete 
formation of ferrite throughout the matrix. F 

51. Series M was not controlled well enough to consider it as reliable data. 
However, it does indicate that holding time at 3000° F. in vacuum does not 
have any great effect on the tensile strength. 

}2. The following information was gained from the vacuum melts: 

(1) Melting in vacuum produces a low tensile strength iron. The 
tensile strength appears to be little affected by both time and 
temperature of treatment. 

(2) Melting in vacuum produces a ferrite matrix and eutectiform 
graphite. The higher temperatures and longer times produce 
greater amounts of these constituents. 


Melts Made in Hydrogen 


33. A series of melts was made in a mixture of 18 per cent hydrogen and 82 
per cent nitrogen, to determine the effects of hydrogen on the metal. The 
carbon content changed so radically that the results must be interpreted with 
corresponding qualifications. The carbon content was lowered from 3.00 to 
231 per cent by superheating to 3000° F. and holding for 30 minutes. Evi- 
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Table 14 
Segies O. SUPERHEATED IN 18 Per Cent HyprocEN-82 Per Cent NITROGEN 
rrom 2500 to 3000° F. anno HELp at Eacu TEMPERATURE FOR 10 
MinuTES. HE vp at 3000° F. ror 10, 20, AND 30 MINUTEs. 
ALUMINA CRUCIBLE 
Te nitié 
Strength, Graphite 
psi BHN Structure $i 
41.700 235 A-B-C 1.68 
34,800 2 B-C 70 
36,300 7 B-C 68 
32 000 A-C 
38,800 A-C 
42.400 B-C 
3000 47.900 
000 30 53.000 


a 


C4 T.C q N, H, 
0.60 2.80 . 002 .00005 
0.68 3.03 

0.74 05 ue : 

0.61 66 .002 005 .00003 
ae ee cces <a” Goce 
0.60 2.57 .003 .007 .00014 
0.78 
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lently the hydrogen reacted with the carbon, forming some hydrocarbon that 
was passed off as a gas. 

\4. The silicon content of the series remained fairly constant. The results 
f this series, Series O, are given in Table 14, and the graphical representation 
n Fig. 24. 

55. The following deductions could be made even though the carbon con- 
tent changed radically: 

(1) Hydrogen first increases the tensile strength, then decreases it, 
and then increases the tensile strength again. This effect is 
partially due to the graphite structure, and probably essentially 
due to an effect on the matrix. 

Hydrogen tends to produce flake graphite throughout the super- 
heating temperatures. 

Hydrogen inhibits the formation of ferrite. 

Melting in hydrogen rapidly removes carbon from the metal. 
The higher superheating temperatures in hydrogen melts 
decrease the eutectic cell size, materially adding to the tensile 
strength. 


Melts Made in Carbon Monoxide 

56. The results of melts superheated in air and nitrogen indicate that car- 
bon monoxide may be responsible for many of the effects found in superheating. 
[he melts superheated in an enclosed furnace atmosphere for varying lengths 
of time showed a definite effect on the tensile strength while similar melts 
made in nitrogen had no effect. Two series of melts were made in a mixture 
of 90 per cent CO and 3 per cent CO,, balance Ny. Series N was super- 
heated from 2500 to 3000° F., and the metal held at each temperature for 10 
minutes. ‘The metal was also held at 3000° F. for 20 and 30 minutes as in 
Series O. Series P was superheated to 2800° F. and held from 0 to 30 
minutes at that temperature before cooling to 2500° F. and pouring. The 
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Table 15 
Serres N. SUPERHEATED IN CARBON-MONOXIDE FROM 2500° F. To 3000° F 
AND HELD aT EACH TEMPERATURE FOR 10 MINUTES. HELp ar 3000° F. 


FoR 10, 20, anp 30 Minutes. ALUMINA CRUCIBLE 


Time at Tensile 
Temp., Temp., Strength 
Bar et min. psi. BHN Si G.C. C.C. T.C. 0, N 


86 2500 10 39,200 229 164 2.26 0.75 3.01 0.006 0.009 
110 2700 10 33,400 217 oe > a | a Se ee 


111 2800 10 35,100 229 1.71 230 06435 235 bien Sade 
87 2800 10 30,100 241 166 6 062.18) = (O71 2.89 0.005 0.002 
109 2900 10 37,500 229 169 2.24 0.71 2.95 ree Pobin’ 
88 3000 10 43,800 235 173 2.07 0.52 2.59 0.004 0.003 


89 3000 20 40,800* 235 17S) 6201 0.69 2.70 somiiecs 
90 3000 30 43,200 241 s 2.05 0.75 2.80 0.006 0.003 


~ 
No 


*Bar 89 broke in the threads indicating a somewhat low tensile value. 


data for these two series are given in Tables 15 and 17. The graphical repre- 
sentations are given in Figs. 25 and 26. 

57. Fractional vacuum analyses were made on some of the specimens in 
Series N in an attempt to determine the amount of oxygen present in the form 
of CO. It was thought that since the determination was carried out at 2200 
F., much of the oxygen present as inclusions would not be reported by this 
method of analysis. The results are given in Table 16. 

58. The fractional vacuum fusion analysis show decreasing amounts of 
oxygen at the higher superheating temperatures, which is contrary to what 
would be expected. Marshall and Chipman** have suggested that the solubility 
of CO in liquid iron containing up to 2 per cent carbon is between 0.002 and 
0.004 per cent. The high oxygen values for bars 86 and 110 probably include 
oxygen from inclusions, SiO, etc. These extraneous sources of oxygen may 
have been removed by the higher temperatures in the CO atmosphere, and 
thus lowered the oxygen content of the melt. 

59. The composition of the carbon-monoxide atmosphere is given in 
Table 18. 

60. The results of Series N show that superheating in carbon-monoxide first 
increases the tensile strength, then decreases it, and then increases it again. 
The value at 2500° F. for 10 minutes is somewhat higher than the value 
obtained by superheating to the same temperature in air. The maximum 


Table 16 

FRACTIONAL VACUUM FUSION ANALYSES OF SPECIMENS FROM SERIES N 

Time of Tensile Equiv. 
Bar Temp., °F. Temp., min. Strength, psi. BHN 0, Per Cent CO 
86 2500 10 39,200 229 0.0029 0.0051 
110 2700 10 33,400 217 0.0033 0.0058 
87 2800 10 30,100 241 0.0021 0.0036 
88 3000 10 43,800 235 0.0017 0.0030 


90 3000 30 43,200 241 0.0016 0.0028 
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Table 17 
Series P. SUPERHEATED TO 2800° F. In CarBoN-MoNnoxmeE AND HELD FROM 


0 to 30 MINUTES. ALUMINA CRUCIBLE 
Temp. at Tensile 
Temp., Temp., Strength 
oF, min. psi. BHN Si G.C. 
2800 0 37,800 235 1.65 2.21 
2800 10 30,100 241 1.68 18 
2800 20 38,000 241 1.68 2.30 
2800 30 37,800 248 1.66 30 


Table 18 
COMPOSITION OF THE CARBON-MONOXIDE ATMOSPHERE 
Per Cent 


tensile change was an increase of 45 per cent from the low value at 2800° F. 
The carbon content dropped somewhat at the higher superheating tempera- 
tures, but this change would only change the value of the tensile strength, and 
not the trend as shown in Series N. 

61. Series P shows that increasing the holding time at constant temperature 
has the same effect as increasing the superheating temperature. The decrease 
in tensile strength at 2800° F. is not a function of the temperature alone, but 
a combination of both temperature and the time the metal is held at tempera- 
ture, as is shown in Series P. The carbon and silicon content remained 
extremely constant in Series P eliminating any effect of compositional changes. 
The slight increase in hardness shown in both Series N and P is not significant, 
and the hardness can be regarded as constant for all practical purposes. 

62. It is interesting to note the changes in the microstructure obtained by 
making these melts in carbon-monoxide. At first, superheating produced a 
greater amount of eutectiform graphite, which reached a maximum at 2800° F. 
in bar 87. The higher superheating temperatures, and longer times at these 
high temperatures produced more flake graphite. At the same time, a large 
eutectic cell size is produced at the lower temperatures, which decreases as 
the temperature is increased above 2900° F. An increase in tensile strength 
is obtained along with this decrease in cell size. 

63. Figures 27, 28, and 29 show the effects of superheating in carbon- 
monoxide on the graphite structure and the cell size. In Figs. 27 and 28 the 
increase in eutectiform graphite and then the subsequent formation of flake 
graphite at the higher temperatures is illustrated. Figures 28 and 29 show the 
effect of reducing the cell size with the increased superheating temperatures. 

64. Series P superheated in carbon-monoxide at 2800° F. and held ‘for 
various lengths of time showed an increase in the amount of eutectiform graph- 
ite and a slight decrease in cell size with the increased holding times. 
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65. The results of the series of melts made in carbon-monoxide showed that 
carbon-monoxide has a pronounced effect on the formation of ferrite in the 
matrix. In Series N, the amount of ferrite was increased with increased super- 
heating temperatures up to 2800° F., with an accompanying decrease in tensile 
strength, and then decreased with further increases in temperature until it 
was completely eliminated at 3000° F. when held for 20 minutes. The 














Fic. 27—-Torp—Bar 86. SuperHEatep to 2500° F. ror 10 Minutes 1n Carson-Monoxive. Fair AMOUNT 
or Evtectirorm GRAPHITE WITH SMALL FLAKE GraPHITE. ARRANGED IN A Denpritic Pattern. TENSILE 
SrrenctH, 39,200 ps1, 20X. Unercnep. Borrom—Bar 87. SuperHeatep To 2800° F. ror 10 Minutes IN 
Carson-Monoxipe. Larce Amount or Evrecrirorm GRAPHITE wiTH Some FLake GraPHiTe IN AN Ex- 
TREMELY PronouNcep Denpritic Patrern. TensiLte Strrenctu, 30,100 ps1. 20X. UNercHen. 
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decrease in the amount of ferrite was accompanied by a corresponding increase 


in the tensile strength. Series P, superheated at 2800° F., showed a continual 
increase in the amount of ferrite formed with increased holding times at 


temperature. 
66. Figures 30, 31, and 32 illustrate the increase in the amount of ferrite 
formed by superheating in carbon-monoxide up to 2800° F., and then the 


Fic. 28—Bar 88. SupPeRHEATED To 3000° F. ror 10 Minutes 1n Carson-Monoxipe. FLAKe AND Evrecti- 

ror GrapHite. Denpritic Patrern. TENSILE STRENGTH, 43,800 ps1. 20X. Unetrcuep. Borrom—Bar 86. 

Ercuep Degpty 1n 25 Per Cent Nrrat, SHowinc PHospnorus SecrecationN. THe Laroe Cer Size Is 

OvtuNeD sy THE PHospuipe Eutectic. 10X. Superneatep to 2500° F. ror 10 Minutes 1n Carson- 
Monoxie. 





tl 
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complete elimination of ferrite with increased superheating temperature jp 
this atmosphere. Figures 33, 34, and 35 show the continued increase in the 
amount of ferrite formed at 2800° F., with increased holding times at this 
temperature. 

67. The ferrite is almost always associated with the eutectiform graphite 
It is for this reason that all of the photomicrographs of the ferrite were taken 





Fico. 29—Torp—Bar 109. Ercuep Deepty 1x 25 Per Centr Nitat, SHowinc PxHospHorus Seorecation 

Tus SHows A Suourty Smatier Ceti Size THAN Bar 86 In Fic, 28. Superneatep To 2900° F. ror 10 

Minutes in Carson-Monoxiwe, 10X. Borrom—Bar 89. Ercuep Deepry rn 25 Per Cent Nita, SHOWING 

PHospHorus SEGREGATION. Tuis SHows a Very Smaut Cert Size Ostainep sy SuperHEaTinG TO 3000° F 
ror 20 Minutes 1N Carson-Monoxipe. 10X. 





N-Monoxipe. Ferrite 1n Evtecti- 


F. 


Tus SHows THe Amount or Ferrrre Normatty ASssociaATeED WITH SuPER- 
HEATING aT 2500° 


Surzamzatine to 2500° F. m Am Snown 1n Fig. 30. 
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Fic, 31—Bar 111. SupeRHEatEep To 2800° F. ror 10 Minutes in C 
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5§00X. Ercuep in Nira. 
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Fic. 33—Bar 115. SuperHeaTep To 2800° F. ror 0 Minutes 1n Carson-Monoxive. Tuis SHows A SMALL 
Amount or Ferrite Formep sy Tuis Treatment. 500X. Ercuep 1n Nita. 
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Fic. 34—Bar 116. SuperHeatep to 2800° F, ror 20 Minutes 1n Carson-Monoxipe. Tus SHows rue 
Increase IN Ferrtre witn Increasep Hoipinc Time at 2800° F. as Comparep witnu Fic. 33, Herp ror 
0 Minutes. 500X. Ercuep in Nira. 


Fic, 35—Bar 117. Superneatep To 28000° F. ror 30 Minutes 1x Carson-Monoxipe. Tus Specimen 
Contains More Ferrrre Bar 116, SHowtnc FurtHer Increases 1™ Fererre with Increasep Howpine 
Trme at 2800° F. 500X. Ercuep rn Nrrat. 
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in spots containing eutectiform graphite. Thus, an absence of ferrite in the 
eutectiform graphite will indicate an absence of ferrite throughout the 
remainder of the specimen. 


68. A number of factors contributed to the change in tensile strength found 
in Series N and P. Increased quantities of eutectiform graphite will decrease 
the tensile strength. When small graphite flakes accompany a large amount 
of eutectiform graphite, they tend to take on a dendritic pattern and further 
weaken the structure. The production of a fine graphite flake structure will 
strengthen the structure. The decreasing cell size will tend to increase the 
tensile strength, while the presence of ferrite tends to weaken the structure, 
and lower the hardness. The first increase in tensile strength in Series N was 
probably due to a refinement of the graphite flakes. The large decrease in 
strength was probably due to the formation of eutectiform graphite, and the 
presence of ferrite, along with a strong dendritic pattern in the graphite 
structure. The increase in strength following appears to be due to the elimi- 
nation of ferrite, the decrease in cell size, and the presence of more flake 
graphite. 

69. The large dip in tensile strength in Series P was evidently due to the 
formation of eutectiform graphite and ferrite. The eutectiform graphite and 
ferrite remained with further increases in holding time, and the following 
increase in tensile must be due entirely to the decrease in cell size. The amount 
of dendritism in the graphite structure may have also influenced the strength 
of the metal. 

70. It does not necessarily follow that the higher the superheating tempera- 
ture and the longer the time the melt is held at temperature, the greater the 
amount of carbon monoxide present in the metal. On the contrary it appears 
that the high temperatures eliminate CO from the melt, and that this tendency 
is increased much more rapidly with increasing temperatures than the rate 
of CO formation and absorption by the melt. 


71. The adoption of this viewpoint explains a number of things. Graphite 
formation of hypo-eutectic gray iron occurs during the solidification of the 
eutectic liquid®® 7°. We will assume that the rate of crystalline growth of the 
eutectic liquid is constant. Then the time available for graphite formation is 
limited by the time required for complete solidification of the eutectic liquid. 
If the rate of decomposition of iron carbide is extremely rapid, a great num- 
ber of graphite flakes will be formed simultaneously, depleting the eutectic 
liquid of available carbon for graphitization, and limiting the growth of the 
graphite flakes so that they will be very small. As the tendency for decom- 
position of the eutectic carbide is reduced there will be fewer flakes formed, 
and these will grow to a larger size during the solidification interval. Further 
decreases in the tendency for the graphitization of the eutectic carbide will 
delay the formation of graphite flakes to such an extent that they will be 
pinched off by the advancing front of solid eutectic. This will prevent further 
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growth on their part, and new flakes will be formed, likewise to be pinched 
off by the crystalline growth until a large number of very small graphite flakes 
have been formed. Any further decrease in the tendency of iron carbide to 
graphitize will result in white iron with no graphite flakes at all. 

72. Superheating in CO produces a flake graphite at first, with an increase 
in tensile strength. Most probably further superheating increases the CO con- 
tent of the melt, which promotes the formation of fine graphite and ferrite 
by increasing the tendency for the decomposition of iron carbide. This pro- 
duces the large decrease in tensile strength observed in the series superheated 
in CO. Higher temperatures (probably above 2750-2800° F.) decrease the 
quantity of CO in the melt, and decrease the tendency for the decomposition 
of iron carbide. This will then produce flake graphite and eliminate the 
formation of ferrite producing the observed increase in tensile strength. 

73. The fractional vacuum fusion analysis indicated a reduction of CO at 
the higher superheating temperatures, which is in accordance with the above 
viewpoint. 

74. It appears that melting and superheating in vacuum greatly increases 
the CO content of the melt. Here again vacuum fusion analysis indicated a 
large amount of oxygen present, and the abundance of ferrite and fine graphite 
found in these melts points to the presence of a large amount of carbon 
monoxide in the metal. 

75. The following information was obtained from melts made in CO: 

(1) Superheating in CO first produces ferrite, and then eliminates 
this ferrite at higher temperatures. 
Superheating in CO first produces eutectiform graphite, and 
then increases the amount of flake graphite in the specimen at 
higher temperatures. 
Superheating in CO continuously reduces the eutectic cell size. 
The formation of ferrite was particularly evident at 2800° F. 
and increased continuously at that temperature with increased 
holding time. 
Superheating in CO first increases the tensile strength, then 
decreases it, followed by an increase again. The hardness is 
little affected, except for a slight decrease at 2800° F. due to 
ferrite formation. 


CoNCLUSIONS 


76. The primary purpose of this investigation was to isolate the factors 
causing the effects of superheating. The series of melts were planned to indi- 
cate the effects of the various factors involved, without any attempt to deter- 
mine the magnitude of these effects accurately. As a result it has been possible 
to eliminate many of the proposed causes of these effects, and to limit them 
to the influence of gases alone, particularly carbon-monoxide, and hydrogen. 
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The Elimination of Nucleation as a Cause of Superheating Effects 

77. The presence of nuclei in the melt has been attributed to the following: 

(1) The persistence of graphite nuclei in the melt at low super. 
heating temperatures, or their formation during cooling from 
high temperatures. 

(2) The persistence of non-metallic nuclei in the melt at low super- 
heating temperatures, or their formation during cooling from 
high temperatures. 

3) The introduction of non-metallic nuclei from the crucible wall. 
by iron-oxide formed on the crucible, and by other extraneous 
means. 

78. The solution or the formation of graphite nuclei, and the elimination or 
formation of non-metallic nuclei should take place with. sufficient rapidity 
that their influence could be observed in the melts superheated in air. The 
reported effects of superheating were found to be entirely absent in these 
seriés of melts. Likewise, the effects of nucleation should exist in vacuum to 
some extent. The solution or precipitation of graphite nuclei should be prac- 
tically independent of the atmosphere above the furnace, and the pressure 
of this atmosphere. The formation of non-metallic nuclei would be influenced 
by the pressure on the melt and they would probably be removed by super- 
heating in a vacuum. Superheating in vacuum did not produce any change 
in the properties of the metal as a function of the temperature. 

79. “Superheating effects” were found in the series superheated to a con- 
stant temperature, and held for various lengths of time in an enclosed furnace 
atmosphere. The greatest effects were found at the high temperatures. When 
the high temperature melts were repeated in nitrogen, the effects were elimi- 
nated. It was concluded from the results of the above series of melts that the 
effects of superheating were not due to any nucleation mechanism, and that 
they were very probably due to variations in the gas content of the metal. 


The Influence of Gases as a Cause of Superheating Effects 


80. Melting in vacuum reduces the tensile strength of the metal consider- 
ably, and produces a pronounced change in the microstructure. This change is 
undoubtedly due either to the elimination of gases from the metal, or to the 
promotion of a chemical reaction producing gases directly in contact with 
the melt, and indicates that the presence of gases in the metal influences its 
structure and properties to a marked extent. Nitrogen was found to have 
little effect on the properties and structures of the metal. Other investigators 
have also reported that nitrogen has no effect on the metal except to remove 
other gases. The presence of water vapor was found to increase the tensile 
strength slightly, and produce a flake graphite structure, indicating that the 
water is reduced by carbon and the hydrogen thus formed influences the 
structure and properties of the metal. 
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81. Direct investigation of the effects of hydrogen in melts made under 
hydrogen-nitrogen mixtures shows that hydrogen changes the structure and 
properties of the iron to a great extent. It eliminates ferrite, promotes the 
formation of flake graphite, and affects the tensile strength of the cast iron. 

82. Melts superheated under carbon-monoxide show a marked change in 
tensile strength, the formation of ferrite, and the production of a fine eutecti- 
form graphite structure. 


83. The complete absence of any nucleation effects, and the direct evidence 
of the effect of carbon-monoxide and hydrogen indicate that the effects of 
superheating are entirely due to the presence or absence of these two gases. 


Carbon-monoxide is present in practically all normal melting conditions. It is 
produced abundantly at high temperatures by the reduction of silica by the 
carbon in the melt, and by the reaction of the carbon with the oxygen in 
the air above the melt. Hydrogen will not be found to such a great extent 
in most conditions of melting. It can be formed by the reduction of the water 
vapor in the air by carbon, or may be introduced in the melt from the products 
of combustion: in some fuel-fired melting furnaces. It appears that the amount 
of hydrogen present in the melt under most melting conditions is limited 
considerably, while liberal amounts of carbon-monoxide can be found. From 
this it is concluded that the effects of superheating are essentially due to the 
presence of carbon-monoxide, and modified to some extent by the hydrogen 


present. 


THEORETICAL CONSIDERATION OF THE EFFECTS OF CARBON-MONOKXIDE 
AND HyDROGEN 


84. Honda and Marakami** suggested that carbon-monoxide and carbon 
dioxide act as catalysts in breaking down iron-carbide. This conclusion comes 
very naturally from the fact that the process for carburizing in the case 
hardening process is brought about to a large extent through the action of 
this gas mixture. The suggested mechanism for the graphitization of iron- 
carbide is given by the following two reactions: 


2CO = CO, + C(graphite) ... 
Fe,C + CO, = 2CO + 3Fe 


In this process the carbon-monoxide acts as a carrier for the carbon from the 
iron-carbide to the graphite. The CO less a carbon atom returns to the car- 
bide as CO., where it picks up another carbon atom, and repeats the cycle. 
Hayes and Scott®’ have shown that the rate of decomposition of free iron- 
carbide in white iron is increased 100 per cent by carbon-monoxide carbon- 
dioxide mixtures at 1700° F., and Evans and Hayes** have shown that’a pres- 
sure of 5 atmospheres of carbon-monoxide carbon-dioxide mixtures greatly 
accelerates the graphitization of pure iron-carbon alloys. In both cases the 
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graphitization was believed to be accomplished by means of the mechanism 
proposed by Honda and Murakami. 

85. Assuming the existence of iron-carbide in the liquid melt, the presence 
of a considerable amount of CO in the melt at the eutectic temperature would 
cause the carbide to graphitize readily. This would cause the formation of 
extremely fine graphite flakes, according to the freezing mechanism proposed 
by Boyles. In addition, the presence of this CO in the melt would cause the 
formation of ferrite in preference to cementite, at the transformation at the 
eutectoid temperature. 

86. The effect of hydrogen is to promote the formation of flake graphite, 
and to prevent ferrite formation. Boyles*® has found that melting under hydro- 
gen at pressures of 150 Ib. produces a white iron structure, indicating that the 
effect of hydrogen is to stabilize the iron-carbide, or prevent its graphitization. 
This is just opposite to the effect of carbon-monoxide, and it appears that the 
effect of the hydrogen may be to remove the effects of carbon-monoxide. 
Hydrogen might remove carbon-monoxide, and hence carbon-dioxide, by 
means of the following reactions (and combinations of these reactions) : 


2CO = CO, + C (graphite)........... is alesiaaele (1) 
oo ee ee | er (3) 
CO + H, = H,O + C (graphite)................. (4) 


The equilibrium constants for these reactions at 2100° F. (approximately the 
eutectic temperature) are:* 











K;, p*CO 1.3 X 10 
_ pH,O . pCH, _ : 
K; pCO pH, 3.7 X 10 
, _ pH,O i . 
K, pCO . pH; 10 X 10 


87. The limiting pressure for CO in the melt is one atmosphere in melts 
made in air. This occurs when the CO formed by the reduction of silica in the 
crucible bubbles from the melt. At high temperatures this often takes place. 
The pressure of the CO, in equilibrium with this CO when the metal has — 
cooled to the eutectic temperature is given by K,. 


K, = EDs =13 X 10° 


pCO, = 0.0013 atmospheres 


The pressure of the CO, is decreased as the square of the CO pressure 
decreases, and hence reaches a very low value at pressures of 0.1 or 0.2 
atmospheres of CO. If the graphitization of the carbide takes place by equa- 


* Calculated from the data presented by C. M. Thacker, H. O. Folkins and E. L. Miller.” 
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tions (1) and (2), it requires only a very small amount of CO, to enable 


it to proceed. 
88. Now if a melt is made under pressure in hydrogen, and the CO formed 


by the reduction of the silica is assumed to be 1 atmosphere, and the pressure 
of hydrogen in the melt assumed to be | atmosphere for convenience, the 
pressure of methane, and water vapor above the melt at equilibrium is given 
by Ky. The pressure of water vapor, and the methane will be the same if 
perfectly dry hydrogen is used, and 
(pH,O)* . 
: & a 
pCH, = pH,O = 0.0019 atmospheres 


K; = 3.7 X 10° 


89. In order for the reaction to proceed in the direction to remove CO, the 
pressure of H,O and CH, must be kept below 0.002 atmospheres. This means 
that sufficient quantities of hydrogen must be passed through the furnace to 
remove the water vapor and methane as they are formed. One thousand 
parts of hydrogen must be passed through the furnace to remove two parts 
of H,O and two parts of CH,, which accompanies the removal of one part 
of CO from the melt. 

90. At the same time, CO may be removed by reaction (4), in which case 
pH,O 
1x1 
pH,O = 0.001 atmospheres 


= K,=1.0 X 10° 


The pressure of the water vapor must be kept below 0.001 atmospheres in 
order for reaction (4) to proceed in the direction to remove CO from the 
melt. 

91. Boyles found that melting under a pressure of 10 atmospheres of 
hydrogen produced a white iron. In this case the pressure of the water vapor 


would be: 
(pH,O) * 


--_——_— = 3.7 X 10° 


1 X 10% 
pH,O = 0.06 atmospheres 


If the pressure of the CO were only 0.1 atmosphere instead of 1.0 atmosphere 
in the melt made under hydrogen at 10 atmospheres, the pressure of the water 
vapor at equilibrium would be 0.019 atmosphere. In either case it seems 
plausible that the hydrogen might remove a considerable portion of the CO, 
and thus prevent the graphitization of iron-carbide. However, it does not 
seem possible for the hydrogen to remove any appreciable amount of CO 
when the hydrogen pressure is less than 1 atmosphere. The greatest effect 
of the hydrogen would be a flushing action in that case, and its effects would 
be no different than those of nitrogen. The above considerations do not seem 
to explain satisfactorily the effects of hydrogen on carbon monoxide in the 
melt, and on the graphitization of gray iron. It may be that other reactions 
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than those given above are involved, and that there are other factors not 
considered in this analysis. A hydrogen pressure of 0.2 atmosphere was found 
to exert a pronounced effect on the structure and properties of cast iron jp 
this investiagtion, and various other investigators have reported small amounts 
of hydrogen formed by the reduction of water vapor to have a considerable 
influence on the structure and properties of cast iron. 


SUMMARY 


92. The conclusions drawn from the experiment results and the discussion 
of theoretical considerations may be summarized as follows: 
(1) The effects of superheating are not due to nucleation processes, 
(2) The presence of gases in the melt appears to be entirely respon- 
sible for the reported effects of superheating. 
Carbon-monoxide appears to be the chief factor causing super- 
heating effects. Although melting in hydrogen produced the 


(3 


same type of tensile strength curve as carbon-monoxide, the 
effects of hydrogen on the structure of cast iron are just opposite 
those of carbon-monoxide. The tensile strength of cast iron is 
determined by graphite size, shape, and distribution, by cell size, 
and matrix structure. It so happened that the various combina- 
tions of these factors produced the same type of tensile curve for 
both hydrogen and carbon-monoxide, but two entirely different 
combinations were found in these curves. Generally hydrogen is 
not present in sufficient quantities in most melting operations to 
account entirely for all of the effects of superheating. 

(4) Very little is known about the method by which these gases influ- 
ence the structure of cast iron. The purpose of CO may be to 
catalyze the decomposition of iron-carbide, accelerating graph- 
itization. Hydrogen might remove CO from the melt by the 
formation of methane and water vapor, and hence remove the 
mechanism for the graphitization of carbide. 
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DISCUSSION 


A. I. Krynitsxy’ (written discussion): The difficulties involved in this painstaking 
investigation are fully appreciated by the writer; the authors have made an important 
contribution to the study of the effects of superheating. However, the writer is not in 
complete agreement with the conclusions expressed in regard to the melts superheated 
in air. 

The authors state (paragraph 78) that “The solution or the formation of graphite 
nuclei, and the elimination or formation of non-metallic nuclei should take place with suf- 
ficient rapidity that their influence could be observed in the melts superheated in air. The 
reported effects of superheating were found to be entirely absent in these series of melts. 
Likewise, the effects of nucleation should exist in vacuum to some extent.” It is stated 
further (paragraph 78) that “Superheating in vacuum did not produce any change in 
the properties of the metal as a function of the temperature.” If the tensile strength- 
superheating temperature curves of the melts made in air and vacuum (Series C, Table 
2, Fig. 12 and Series B, Table 11, Fig. 21) were drawn through the datum points, as 
was done for the curve in Fig. 26, one would notice some similarity of all curves to form 
a dip at superheating temperatures of 2700 and 2800° F. Although the magnitude of the 
change of tensile strength produced by superheating is quite different, the writer can not 
agree that “The reported effects of superheating were found entirely absent” in the series 
of melts made in air and vacuum (paragraph 78). 

Results obtained from an investigation of the elastic properties of cast iron carried 
out by the National Bureau of Standards* strongly indicate that the effects of super- 
heating can be obtained in the absence of an appreciable amount of carbon monoxide or 
hydrogen in the furnace atmosphere. Three types of irons were investigated whose com- 
positions were: Iron “A” (Total Carbon—3.44 per cent, Si—1.40 per cent, Mn—0.15 
per cent, P—0.046 per cent, S—0.02 per cent); Iron “B” (Total Carbon—3.79 per 
cent, Si—1.40 per cent, Mn—0.63 per cent, P—0.18 per cent, S—0.06 per cent) ; 
and Iron “C” (Total Carbon—3.44 per cent, Si—2.43 per cent, Mn—0.77 per 
cent, P—0.395 per cent, S—0.05 per cent). In these heats, the charges of 230 Ib. in a 





1 Metallurgist, National Bureau of Standards, Washington, D. C. 

*Kryni A. and Saeger, C. M., pits “Elastic Properties of Cast Iron,’’ JourNaL OF REseARCH, 
National nig? of J, tandards, Research Publication 1176, vol. 22, p. 191 ¢1$39} and Founpry Tras 
Journat, vol. 61, pp. ‘373-374, 393-394, 414-416 (1939). 
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commercial magnesia crucible were melted in a high frequency induction furnace of the 
tilting type. The top surface of the molten metal was open to the room atmosphere at 
al] times so that the presence of carbon monoxide and hydrogen can be considered as 
being at a minimum. Each melt was heated to a predetermined maximum temperature 
of 1400, 1500, 1600 and 1700° C., and was maintained at this temperature for approxi- 
mately 1 min. 

A set of four bars (1.2 in. diam.) was cast as a unit by pouring the metal directly 
from the tilted furnace into a sand mold, the pouring temperature being 250, 200, 150 
and 100° C. above the liquidus temperature of the iron used. It was found that an 
increase in the maximum heating temperature increased the transverse strength and 
elastic properties. The effect was more pronounced in iron “A” than in irons “B” 
and “C.” 

The importance of the furnace atmosphere is well known at the present time. How- 
ever, it was shown by previous investigators, particularly by Portevin* and Bardenheuer 
and Bleckmann**, that the effect produced by superheating may be attributed, not to 
gases alone, but to the foreign nuclei present in the melt as well. 

Dr. SCHNEBLE (answer to Mr. Krynitsky’s written discussion): The authors are in- 
debted to Mr. Krynitsky for his thoughtful discussion of the investigation. The questions 
that arise from this discussion are of such a nature that they undoubtedly are in the 
minds of many who have taken any interest in the superheating of gray iron. The inter- 
pretation of the data in any investigation is largely a matter of opinion. This appears 
to be especially true for this investigation. 

One of the important considerations in this work was that of casting the metal in the 
atmosphere under which it was melted. This aspect seriously limited the size of casting 
and the quantity of physical tests that could be made. Tensile strength was chosen 
because of its universal use, and because almost all of the previous investigations on 
superheating of gray iron contained these figures. It does not at all follow that the tensile 
strength is the physical property most affected by superheating. It may be that the 
elastic properties of gray iron are more sensitive to superheating than is tensile strength, 
and this would explain why the effects of superheating could be observed on these prop- 
erties, while the tensile strength would be little affected. 

Tensile strength tests are certainly not reproducible in quantity to more than plus or 
minus 1000 psi. Therefore, the authors did not consider any fluctuations less than this 
magnitude as being significant. The first two points in Series C, Fig. 12, have a value 
of approximately 37,000 psi., the third point, 35,000 psi. The other four points are 
associated with a drop in the total carbon content of approximately 0.15 per cent, which 
would account for the increase of 2000 to 4000 psi. in tensile strength. The curve shown 
in Series C, Fig. 12, was not drawn as a straight line because it appeared that the tensile 
strength actually was higher at the end of the series. This was not due to any super- 
heating effects, but because of the change in chemical analysis. On the other hand, there 
is no radical change in analysis in Series P, Fig. 26, to influence one’s judgment as to 
the effects of superheating on this series, and there appears to be some justification for 
assuming that there is a low point, as shown at the 10-min. holding time. Along with this, 
Series N, Fig. 25, has shown that melts in carbon-monoxide will cause a dip in the 
tensile strength curve. There are four points in this low grouping to support this 
viewpoint, and this gives an additional reason to show the dip in the curve in Series P. 
The analysis changed to a sufficient extent in Series B, Fig. 21, to consider the difference 
in their values as a result of this variation. 


*Portevin, A., oh of Aluminum on Inclusions in Steel and Cast Iron,’’ Metat Prooress, vol. 35, 
no. 1, pp. 68-70 ( 

**Bardenheuer, Peter, and Bleckmann, Richard, “Zur frage der primérkristallisation des stahles: 
Unterkuhlbarkeit und Keimbildung in fliissigen zustand,’ ’ Srant uNpD Ersen, pp. 49-53, January 16, 1941. 
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It is difficult to interpret the work of others in terms of the information gained from 
the present investigation. However, very little carbon monoxide is required to cause , 
change in the properties of the metal. Any oxygen bearing material introduced in th 
melt can be suspected of reacting with the carbon and producing CO. This would not 
be true for steel containing small amounts of carbon. Steel is known to be sensitive to 
small amounts of impurities contained in the matrix, while gray iron is composed of larg 
pieces of graphite which act as foreign bodies in the matrix. Also, these graphite flakes 
are directly or indirectly connected with all of the physical properties of the metal 
Therefore, it is reasonable to assume that any inclusions in cast iron would have thei 
effects diminished considerably by the fact that the graphite flakes themselves are larger. 
and greater in number, and have already exerted a pronounced influence on the prop- 
erties of the metal. The additional effects produced by other inclusions would be ver 
small compared to those produced by the graphite ffakes. Therefore, it appears to 
resolve itself to the question of the influence of foreign inclusions and gases on the 
graphite flakes themselves, and not on any direct effects they may have. 

The authors found as much as 0.14 per cent aluminum in metal melted in an alumina 
crucible under vacuum at 3000°F. This indicates the possibility of CO formation 
directly in contact with the melt under conditions that normally would not be suspected 
of containing any CO. 

Manganese has a stabilizing effect on iron carbide, and its presence in the melt will 
do much to prevent the formation of ferrite, and the decomposition of pearlite. It 
appears significant that, in the investigation described by Mr. Krynitsky, the iron “A 
was the one containing a small amount of manganese, and was the one most affected 
by superheating treatments. This indicated that perhaps the manganese in the other 
melts did much to offset the graphitizing influence of the little CO present under the 
melting conditions. The authors have mentioned that it is difficult to interpret the work 
of others, and express this thought merely to indicate the possibilities that exist for CO 
to be a determining influence in investigations where it apparently is absent, and when 
no explanation for its influence is immediately suggested. 

G. F. Comstock* (written discussion): This paper, although very interesting and 
worthy of careful study, contains at least one statement that seems to require clarification 
by the authors. In the fourth sentence of paragraph 72, for instance, it is stated that 
superheating cast iron in an atmosphere of carbon monoxide at higher temperatures, 
such as 2750 to 2800°F., decreases the quantity of that gas in the melt. 


In paragraph 74, on the other hand, the statement is made that superheating in a 
vacuum greatly increases the carbon monoxide content of the melt. It should be ex- 
plained how the vacuum could drive more carbon monoxide gas into the metal than 
is absorbed under the same superheating conditions in an atmosphere of the gas. 


The authors’ attention should be called to the fact that there are accepted standards 
for classifying the types of graphite flakes*, adopted by both the A.S.T.M. and the 
A.F.A., and the authors, in presenting a different classification of their own, and desig- 
nating the types by a different lettering system, have contributed to a state of confusion 
in this subject that it was hoped could be avoided by the development of the standard 
mentioned. More attention seems to be paid to this standard in England than in this 
country, in spite of the efforts of the A.F.A. to advertise it, and it would be helpful 
if the Association could persuade the authors of papers that it accepts for publication 
to conform to the standard designations as far as possible. 


Dr. ScHNEBLE (answer to Mr. Comstock’s written discussion): The authors have 


2 Metallurgist, The Titanium Alloy Mfg. Co., Niagara Falls, N. Y. 


*“Tentative Recommended Practice for Evaluating the Microstructure of Grapite in Gray Cast 
Iron,” Stanparps, A.S.T.M., pp. 1079-1086, part 1 (1942), and A.F.A.-A.S.T.M. Grapnite Flake 
Crasstrication 1n Gray Cast Iron.” 
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mentioned the reaction of carbon in the metal with the silica of the crucible on numerous 
occasions throughout the paper. This reaction seems to play an important role in the 
effects noted during the investigation. In a vacuum, the reaction was so vigorous at 
high temperatures that the metal appeared to “boil” from the gases liberated by this 
reaction. Off hand, one would think that a vacuum would eliminate all gases from the 
melt. However, with such a prolific quantity of gases being generated beneath the 
surface of the melt, in intimate contact with it, one can see how it may be possible for 
the metal to become saturated with these gases, since the rate of formation and absorp- 
tion might exceed the rate of elimination by the vacuum. It is impossible to stop the 
reaction in order that the vacuum could remove all of the gases. Hence the sample 
under investigation shows the equilibrium reached under the conditions previously stated, 
and which, in the opinion of the authors, contains a greater quantity of CO than if it 
were melted in air. Vacuum fusion analysis shows a greater oxygen content (see bar 
103. Table 13). The eutectiform graphite structure, and the abundance of ferrite 
support this conclusion. (This statement is based on the assumption that CO is a 
graphitizing agent. ) 

Melts made in CO showed a reversal of trend with increased temperatures, and with 
increased holding times. First the strength was decreased, and then later increased. 
Obviously, this could not be due to one factor alone. If CO decreases the strength by 
the production of ferrite and eutectiform graphite in the microstructure, then it does 
not appear logical that greater quantities of CO would form flake graphite and eliminate 
the ferrite previously formed. The fractional vacuum fusion analyses (Table 16) show 
an increase in oxygen content up to 2700° F., and then a continuous decrease at the 
higher temperatures. 

It is necessary to adopt this viewpoint if the theory of graphitization based on CO 
isto hold. If CO is eliminated from vacuum melts, one would not expect to find ferrite 
and eutectiform graphite. Likewise, the production of flake graphite and pearlite at 
}000°F. in melts made in CO atmospheres is contrary to expectations. A logical ex- 
planation is that the vacuum heats actually do contain more CO, and the high tempera- 
ture melts in CO less of this gas. The results obtained in this investigation give support 
to this theory by the vacuum fusion analysis, the microstructure, and the observations 
noted during melting. 

The authors are well aware of the confusion existing in the gray iron field because 
of the use of numerous terms representing the same thing. The attempt to designate 
a classification of graphite flake types by the A.F.A. and the A.S.T.M. is commendable 
and meets with the entire approval of the authors. 


his system of designation was not used because it did not show the exact structures 
found in this investigation. Only a very few types of graphite were found in this 
investigation, and perhaps could be shown by two or three types alone in the standard 
classification. The authors wished to present a complete picture to those reading the 
paper, and yet did not want to publish over 100 microstructures. The system of presen- 
tation was developed for use in presenting this paper only, and would have no use in 
any other connection. At the same time, it is so detailed that the standard types would 
not adequately describe the structures. The authors certainly do not wish to be classed 
among those adding to the confusion, and if they have added something to the state of 
confusion that exists they hope that the clearer description given by their own system 
of classification will outweigh the disadvantages caused by setting up such a special 
classification. 


J. E. Renper® (written discussion): The authors of this paper are to be congratulated 
on the thoroughness with which their investigation was planned and carried out. The 


* Bowmanville Foundry Co., Bowmanville, Ont., Canada. 
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presentation and the photomicrographs are very well done, and there is a body of 
experimental results that is very interesting. 

However, in drawing conclusions from the experimental evidence presented, the 
important factor of chemical composition of the bars tested does not appear to hav. 
been given sufficient consideration. Re-plotting of the data suggests considerable modi. 
fication of the conclusions arrived at in the paper. Thus in the case of melts under 
18 per cent hydrogen atmosphere, re-plotting of the tensile strength and Brinell hardnes 
on a base of carbon equivalent, as in Fig 36, indicates that the strength and hardness 
are straight-line functions of composition. The one point off the strength line is low, 
and possibly may be a bar with a slight fault, as the hardness is not low. Again, in the 
case of melts under carbon monoxide, Fig. 37 shows that strength and hardness are 
straight-line functions of carbon equivalent. 

As a matter of fact, if strength is plotted against carbon equivalent for all of the 
melts reported in the paper, as in Fig. 38, a large proportion of the points fall in a 
band which represents a variation of plus or minus about 5 per cent from a straight line. 
The straight line has the same slope as those for tensile strength in Figs. 36 and 37, 
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One conclusion which is immediately obvious is that vacuum melting produces iron 
of low strength under all the conditions of time and temperature used in the present 


work. 


If all of the points (except those for vacuum melts) which fall outside the band (Fig. 
38) are tabulated, as in Table 19, certain further conclusions become evident. 

Excluding single points for melts in hydrogen, nitrogen and carbon monoxide, the 
most important variation in properties of the cast irons follows melting in air. Melt- 
ing at a low temperature, 2800° F. or lower, or at a higher temperature with very short 


Table 19 


TABULATION OF Pornts FALLING OUTSIDE THE BANp (Fic. 38) 





— Points Above Line : Points Below Line* — 
Temp., Time, Temp., Time, 
°F. Min. ; “+. Min. 
10 2 2800 10 
10 ; 10 
10 N: . 30 
2500 0 3000 0 
2500 0 3000 15 
2500 10 3000 20 
2500 Air ; 3000 30 
2500 3000 30 
2600 | 3100 0 
2700 
2800 
2800 
2900 
3000 





mneniibiins 
"Points for vacuum melts not included. 
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holding time, produces iron of the highest average strength. Melting at high tempera. 
tures, or holding for long periods of time at a relatively high temperature, produces iron 
of low strength. Long holding times at high temperatures in air are particularly detri- 
mental to the strength of iron. 

The foregoing considerations suggest that the experimental results can be interpreted 
in a much simpler way than that followed in the paper, and as the presence of carbon 
monoxide as such in the irons tested has not been conclusively shown, it would appear 
that the conclusions of the authors as to the importance of this gas in the graphitization 
of cast iron must be accepted with reservation. 

There is an experimental result to be found in the paper for which the authors may 
have an explanation. Table 5 of the paper shows that a melt carried out in air and held 
at 3000° F. for 30 min. produced a bar that contained 0.011 per cent of oxygen. Table 
13 shows that a melt made in a vacuum and held at 3000° F. for 30 min. produced a 
bar containing 0.20 per cent of oxygen. The opinion of the authors as to why a vacuum 
melt should contain nearly twice as much oxygen as a melt made in air under the same 
conditions, would be welcome. It is interesting to note that although these two bar 
have the same final carbon and silicon contents, the vacuum melted iron is 20 per cent 
lower in tensile strength than the iron melted in air. 

RicHARD SCHNEIDEWIND* (written discussion): The authors have presented a large 
amount of data on a subject of active interest to all foundrymen. They have devised 
ingenious equipment and exercised great care in carrying out the tests. 

However, there are some comments which may be of interest. Referring to paragraph 
3, regarding nuclei remaining in the melt, Di Giulio* showed that for pig iron about 
20 min. of heating by induction was necessary to reduce the graphite content of the 
melt to 0.025 per cent. Simply bringing the melt to temperature resulted in the pres- 
ence of considerable graphite. 

Experience at the University of Michigan has shown that induction heating gives 
results which are sometimes difficult of duplication under commercial conditions, 
although advantages from a research standpoint are obvious. 

Nevertheless, it would appear that the conditions under which the irons of this paper 
were melted leave much to be desired from the viewpoint of constancy of chemical 
composition. 

The changes in carbon and silicon are so great that some might hesitate to accept, 
without question, conclusions on the influence of atmosphere and superheat from the 
reported data. For example, in the accompanying graphs (Figs. 39 and 40) the data 
of Tables 1, 3, 4, 8, 9, 10, 14, 15 and 17 have been presented with tensile strength and 
Brinell hardness, respectively, plotted against the carbon equivalent (C + 1/3 Si). The 
line drawn from the tensile strength data has practically the identical location and slope 
of the line reported by McElwee and the present writer** for 2-in. diameter bars cast in 
sand. If the changes in basic composition can equally well explain the changes in 
strength and hardness it is difficult to ascribe these changes to the influence of hydro- 
gen, carbon monoxide, or to superheat. 

Another chart is presented (Fig. 41) in which the superheating temperature is plotted 
against the carbon equivalent. It would seem that the data show that higher superheat 
temperatures burn out carbon and silicon. 

Great stress is laid by the authors on the gas analyses, which were performed on the 
ends of the broken test specimens. However, it is questionable whether such analyses, 


* Associate Professor of Met. Engr., University of Michigan, Ann Arbor, Mich. 
*Di_Guilio, A., and White, A. E., “Factors Affecting the Structure and Seapets of Gray Cost 
Iron,’’ Transactions, American Foundrymen’s Association, vol. 43, pp. 558-563 (1935). 


**Schneidewind, R., and McElwee, R. G., “The Influence of Composition on the Physical Propertis 
of Gray Irons,’’ Transactions, American Foundrymen’s Association, vol. 47, p. 499 (1939). 
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made on sound metal after solidifying, bear any relation to the amount of dissolved 
gases in the liquid state. It would seem that the gas content of the liquid metal is an 
mportant factor influencing the nature of solidification, the degree of undercooling, the 
crystal and graphite size, and perhaps even the austenite transformation rate. The influ- 
ence of gas should be comparable to that of any normal alloying element. But most of 
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this gas is released prior to and during solidification and after it has left its influence 
on the metal. No data have been presented to show that the amount of gas remaining 
in the sound portion of the solidified material bears close relation to that in the liquid or 
in the gas above the liquid. Compare the data of Tables 5, 6 and 8 in which air and 
nitrogen, respectively, were used as atmospheres. In Tables 5 and 6, the atmosphere 
contained 21 per cent of oxygen, and the oxygen content of the iron superheated to 
3000° F. is 0.007 per cent. In Table 8, where the oxygen content of the atmosphere 
was zero, the oxygen content of the iron is between 0.004 and 0.007 per cent. 

The data seem to prove that vacuum melting produces low strength iron. In Table 13, 
after the heat had been held under vacuum 30 min. at 3000° F., the oxygen content of 
the solid bar was reported as 0.020 per cent, a 300 per cent increase over the normal. 

Would the authors clear up a few statements that appear somewhat obscure? In para- 
graph 71, the assumption is made that the rate of crystalline growth is constant. In the 
absence of experimental data, and since solidification is a transformation process and 
could be compared to austenite transformation, is it not more likely that the rate of 
crystal formation is a logarithmic or a “log probability” function of time? 

In the next statement, regarding the decomposition of iron carbide, do the authors 
postulate (a) the existence of iron carbide in the liquid eutectic, (b) the deposition of 
iron carbide in the eutectic followed by decomposition to graphite, or (c) the formation 
of graphite directly from the melt? This paragraph (71) does not clearly set forth the 
mechanism of graphite formation, so it is difficult to follow the discussion of the infu- 
ence of the various atmospheres. 

It undoubtedly is true that the gas content of the melt is very important and that 
little is known at present about its real function and influence. It is, therefore, unfortu- 
nate that the authors did not expand Summary 4 (paragraph 92) to suggest a mecha- 
nism of the effect of gases upon metal during the period wherein it solidifies. 
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CHARLES WALTON’ (written discussion): This interesting paper indicates that con- 
jderable difficult research was performed toward the understanding of an important 
cubject, since it has long been theorized that the gases to which iron is exposed while 
melting have an important effect upon the resulting iron. Many times, irons of the same 
basic analysis, from the same scrap and melted under apparently identical conditions, 
have had widely varying properties. 

In the chilled iron car wheel industry, where the best of iron control is imperative, 
, large amount of research has been done in attempting to stabilize the effect of the 
cupola atmosphere on the iron, and much more on this subject still is to be learned. 


It is understandable that only one iron was used in this study, due to the large number 
of conditions under which tests were made. However, it is unfortunate that the conclu- 
jons, which repudiate considerable prior research, were drawn from an iron which 
formed eutectiform graphite under normal conditions of melting. Since this iron had a 
natural tendency to supercool in the section size of the test, it is not difficult to under- 
stand why the authors did not observe the usual effects of higher temperatures of super- 
heat in air. 

This writer does not agree that the phenomena of superheating and inoculation can 
be considered separately, since it has been the experience of several investigators that one 
action nullifies the other. It is also not believed that the graphite nuclei theory can be 
discredited by the statement (paragraph 15) “ 
alloys are capable of producing this effect.” 


. since ferrosilicon and many other 


It must be remembered that silicon reduces the solubility of carbon. The local areas of 
high silicon content caused by the solution of the inoculant might readily produce 
graphite nuclei by precipitation. A more comprehensive discussion of this can be found 
among the papers listed by the authors in support of the graphite nuclei theory. 


The variations in tensile strength shown in Series N and P, Tables 16 and 17, are 
rather difficult to give a positive interpretation with the omission of the column on 
graphite structure from these tables. However, considering the summary of changes 
in microstructure, as stated in paragraph 62, is it not possible that with superheating 
temperatures up to 2800° F., the predominating effect was that of dissolving the graphite 
nuclei, while above 2800° F., the inoculating effect of CO may have predominated? 
If the reaction (1) of paragraph 84, 

2 CO =CO:+C (graphite), 

is assumed to take place while the iron is under a CO atmosphere, the source of nuclei 
is explained. Since the solubility of CO in molten iron decreases with temperature, the 
CO might be liberated in the iron and the reaction take place while the molten iron 
cooled down from the superheating temperature, or during solidification when the largest 
decrease in solubility is realized. It is likely that very little graphite would be formed 
by this reaction, but the fact that the authors observed only a mild inoculation effect 
from CO substantiates this postulation. The transfer from one predominating effect to 
the other has been previously observed to be closer to 2700° F., but this may have been 
due to longer heating and holding time in previous work. 


The high values of combined carbon obtained throughout the tests are rather surpris- 
ing. Since silicon reduces the eutectoid composition quite effectively, the writer is inter- 
ested in knowing what may have promoted the high combined carbon, particularly in 
the presence of free ferrite. 


The authors are to be complimented on their excellent photomicrography and their 
good fortune in obtaining such satisfactory reproductions. 


_—. 


*Metallurgist, Association of Manufacturers of Chilled Car Wheels, Chicago. 
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Dr. SCHNEBLE (answer to the written discussions of J]. E. Rehder, Richard Schneide. 
wind and Charles Walton): The authors are greatly indebted to the foregoing writers 
for their kind interest and suggestive comments. In the following discussion the authors 
will attempt to clarify a number of obscure points brought out by these comments 


First, it will be well to explain the authors’ concept of the solidification mechanism 
followed in presenting their investigation. Iron carbide, FesC, is assumed to exist in the 
liquid melt with little dissociation until relatively high temperatures (over 3000° F 
are obtained*. Graphite is assumed to form directly in the eutectic liquid from this jron 
carbide. The orthodox conception of crystallization from nuclei contained in the melt 
is followed, whereby the number and size of the graphite flakes would depend upon the 
number of nuclei present, and the rate of crystalline growth. As the liquid metal cools, 
austenite dendrites are formed until the remaining liquid is of eutectic composition. A: 
this point, graphite flakes will be formed at various points corresponding to the nuclei 
present. The growth of the graphite flakes will depend upon the readiness with which 
the iron carbide breaks down into Fe and C (graphite). If the iron carbide has ver 
little tendency to break down, the eutectic liquid will solidify before any graphite flakes 
have had sufficient time to start and grow. This is assumed to take place even though 
there may be a considerable number of nuclei present which would be capable of pro. 
viding a means for a graphite flake to start its growth. 


The limiting condition, therefore, is the stability of the iron carbide, or the rate at 
which it will decompose into Fe and C at the eutectic temperature. As the tendency for 
the iron carbide to break down is increased, graphite flakes will be formed, and will 
grow as large as possible in the time available before the eutectic liquid solidifies and 
prevents further growth. When the rate of decomposition of the iron carbide is slow, 
the graphite flakes will be small, and their size will increase as the rate of decomposition 
of the iron carbide increases. 


However, when this rate of decomposition becomes more rapid, a great number of 
graphite flakes will be formed simultaneously, and deplete the eutectic liquid of available 
carbon for further growth of these flakes. Hence at this extreme, a great number of fine, 
or small graphite flakes will be formed. The authors have assumed that this decomposi- 
tion rate, or tendency to break down the iron carbide is the chief factor operating in the 
formation of graphite flakes in the solidification interval, and that a large number of 
nuclei (whatever their nature be) exist at all times. The number of such nuclei is 
assumed to be large enough at any time to offer sufficient points for crystallization to 
proceed whenever conditions are such that the iron carbide will decompose to furnish 
the required carbon. It will be well to explain a somewhat ambiguous statement made 
by the authors (paragraph 71) and called to their attention by R. Schneidewind. The 
authors assumed a constant rate of crystalline growth of the eutectic liquid. This 
assumption was made for purposes of illustration only. 


In the foregoing description of the solidification mechanism, the size of the graphite 
flake depends upon its crystalline rate of growth, the rate at which carbon becomes 
available from the iron carbide, and the time that the flake has available to grow. In 
order to simplify this consideration, the authors merely proposed that if the rate of 
crystalline growth were constant, regardless of whether it was linear or logarithmic with 
time, if this rate was the same function of time for all solidifications the only remaining 
variabie would be the rate at which carbon became available from the eutectic liquid. 


The authors are not at all certain that the rate of crystalline growth would not change 
under various conditions, and hence offered this limitation to their discussion of the 


*Koerber and Olsen, “‘Thermodynamische Betrachtungen zu einigen Gleichgewichtkurven des Zus- 
tandsschaubildes Eisen-Kolenstoff,’’ Arcuiv, Fur das Eisenhuttenwesen, 5, 1931. 
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growth of graphite flakes during the solidification interval. This statement holds for 
both the crystalline rate of growth of the graphite flakes, and of the eutectic liquid, both 
of which would influence the size of the graphite flake. The former, by enabling a 
graphite flake to grow larger with a more rapid crystalline rate of growth, assuming that 
there was an ample supply of carbon available from the iron carbide, and the latter, by 
varying the time available before the eutectic liquid solidified completely, stopping fur- 
ther growth of the graphite flakes. 

It appears that the statement made by the authors regarding the quantity of CO 
ontained in vacuum and CO melts is confusing. This statement was explained in 
answer to the same question raised by G. F. Comstock, and is included in a previous 
discussion. 

The fact that the chemical analysis changed to such a great extent in this investiga- 
tion is a serious hindrance in determining the effect of the various gases on the struc- 
ture and properties of the metal. Because of this the authors have used a combination 
of all of the data presented in the microstructures, gas analysis, and physical properties 
in drawing their conclusions. These conclusions are not self evident from the tensile 
curves alone. Two additional graphs (Figs. 42 and 43) are presented in this discussion, 
one showing a plot of the points of the carbon equivalent (C plus 0.3 Si) against the 
tensile strengths, and the other showing the average straight line representing these 
pants for various melting conditions on the same graph. It appears fairly well estab- 
lished that, within reasonable limits, the tensile strength of gray iron is a function of 
the carbon equivalent. There are numerous formulae published for calculating this value. 
For the purposes required in this investigation, one is probably as good as another, so 
the authors have used that proposed by J. E. Rehder of C plus 0.3 Si. 

Inasmuch as the composition did change radically, one would expect the tensile 
strength to be influenced by this change, and that the change would tend to be a 
straight line function of the composition. On the first plot (Fig. 42) showing the various 
points, the series in air has the largest spread from a straight line, while those for 
vacuum, hydrogen, and carbon monoxide show less deviation. The carbon monoxide 
curve shows the least deviation from a straight line. The series in air had no atmosphere 
control, and the other variables besides compositional change were free to act. This is 
shown by the relatively large spread of the points. The vacuum heats were very diffi- 
cult to control, as had been stated numerous times previously. However, the decrease 
in the spread of points indicated a reduction of variables other than compositional 
change. The hydrogen heats were likewise somewhat radical in the melting procedure 
but indicate less spread, while the carbon monoxide points show very little influence 
on other variables besides compositional change. 

This does not mean that all of the series were identical, as is shown on the graph 
Fig. 43) containing the average straight lines representing the points discussed above. 
It means that in the CO heats, the chief variable operating was compositional changes, 
while the effect of the CO was more or less constant, and not a variable. This 
graph shows that the heats made in air have a slope nearly exactly the same as that 
of the vacuum heats, but that the vacuum heats are 9000 psi. lower in strength for 
any given composition. Here, the fact that the points can be represented by a straight 
line does not mean that there was no other effect except that of compositional change. 
Likewise, the heats for CO and hydrogen have approximately the same slope, but this 
slope is different than those for the air and vacuum heats. This indicates that CO and 
hydrogen do have an influence on the strength of the metal. 

The dotted portion of the CO curve is made up entirely of 3000° F. heats, and 
these points have determined the slope of the line representing all of the points. The 
authors feel that the heats at 3000° F. may not contain all the CO that the lower 
temperature heats contained, possibly due to a decreased solubility, or rate of solution 
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of CO in the metal at the high temperatures. Hence, they hesitate to recommend th 
CO curve as it stands without the consideration just stated. This curve (Fig. 43) ang 
the corresponding plot of points (Fig. 42) does show that CO has moved the cur 
from that obtained by the heats in air. Taking the data literally from the graph, this 
curve shows that at a 3.4 per cent equivalent carbon, CO has no effect on the tensile 
strength, while at lower carbon equivalents it is raised, and that at the higher per- 
centages, the tensile strength is lowered. Since this curve includes the variable of 
temperature, and any associated effects, the authors have preferred to draw their concly. 
sions from other sources than this curve alone. 

Assuming the graphitization mechanism by CO as proposed, and allowing for the 
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fact that the vacuum heats did “boil” vigorously from released CO, the following facts 
can be noted: the vacuum heats were largely ferritic, indicating that the CO released 
during their superheating caused complete graphitization of the iron carbide into ferrite 
and graphite; the CO heats showed large quantities of ferrite formed at about 2800° F., 
indicating the same effect. However, the 3000° F. heats in CO showed a pearlitic 
matrix containing no ferrite, and also the elimination of eutectiform graphite. This 
tutectiform graphite may have been formed by the rapid rate of decomposition of the 
tutectic iron carbide as was discussed above on the freezing mechanism. Elimination of 
some of the CO would reduce the rate of decomposition of the eutectic iron carbide, 
form normal graphite fakes, and eliminate the formation of ferrite. Therefore, the 
authors assumed that the high temperature CO heats did not contain the quantity of 
CO that the vacuum heats and the lower temperature CO heats contained. The vacuum 
fusion analysis bears out this conclusion, but was not a factor considered in its 
conception. 

The authors have corrected all the heats in air to 3.5 per cent equivalent carbon and 
re-plotted the curves (data taken from the plot of points given on Fig. 42). This re-plot 
of the curves did not show a difference of more than 500 to 1000 psi. in some few 
places on these curves from the originals published. Therefore, the analysis change can 
be disregarded in these series. The heats in CO and hydrogen showed a flattening of 
the curve when similarly plotted. The re-plotted curve for the hydrogen heats corrected 
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to 3.3 per cent equivalent carbon shows a continued increase in strength with increased 
superheating temperatures from 42,000 psi. to approximately 45,000 psi. over the range 
investigated. A small dip remained in the curve of approximately 1000 psi. In this 
curve, the low point obtained from bar 93 was neglected. If it is included, a mop 
pronounced dip would be shown in the curve. There is some possibility that this ba 
was defective because it lies so far from the rest of the points. The CO heats, Series 4 
showed a decrease in strength from 40,000 psi. at 2500° F. to 35,000 psi. at 2800° F 
and a gradual increase to approximately 38,000 psi at 3000° F. for 30 min. holding 
time. Series P, melted in CO, showed the approximate shape of curve originally pre- 
sented in the paper flattened out to some extent. 

Re-plotting these curves, corrected for changes in chemical composition, has reduced 
the magnitude of the change, but has still retained the trend, as was stated by the 
authors, in paragraph 60, for the melts made in CO. The authors placed little faith 
in the hydrogen tensile curve, as stated in paragraph 53, and deduced most of their 
conclusions from the microstructures, and melting observations. 

The principles stated in the conclusions of this investigation can be illustrated broadly 
as follows: The changes in the structure and properties of gray iron not attributed to 
change in normal chemical composition, alloy content, or cooling rate are largely due to 
structural changes caused by CO during the solidification interval, and during the 
eutectoid transformation. Sufficient nuclei exist in the liquid melt at all times, and th 
quantity of CO present determines the graphite and matrix structure obtained for 
given cooling rate. Inoculation treatments are effective because they reduce the amount 
of CO present in the melt, decreasing the rate of decomposition of iron carbide in th 
eutectic liquid, and thereby eliminate eutectiform graphite and ferrite. 

Although it has been proposed that ferrosilicon decreases the solubility of carbon in 
the melts, and that inoculation with this material sets areas of high silicon concentration 
starting the formation or “nucleus” of a graphite flake, it has been noted by various 
investigators that pure ferrosilicon containing no traces of aluminum does not exhibit 
very marked inoculating properties. From this it would appear that the small amounts 
of aluminum contained in ferrosilicon have a considerable bearing on its inoculating 
propertics. The aluminum, calcium, carbon, titanium, zirconium, manganese, etc, 
contained in inoculating materials may well have the effect of reducing the CO present, 
and thereby reducing the rate of iron carbide decomposition. 


Melts containing relatively large amounts of CO will tend to be of a modified struc- 
ture, containing large amounts of eutectiform graphite and ferrite. Reduction of the 
CO present in these melts will give a normal flake graphite and pearlite structure. In 
melts containing only a normal amount of CO, the inoculating materials will not reduce 
the amount of CO to any appreciable extent, and hence the same structure is observed 
with and without inoculation. 

Hydrogen reduces the amount of CO present in the melt, and the introduction of 
hydrogen into the metal through moisture in the crucible or ladle, in the cupola blast, 
or by other means, will help to prevent the formation of eutectiform graphite and ferrite, 
and encourage the formation of flake graphite and a pearlitic matrix. 

The authors regret that some of the conclusions expressed were found confusing, and 
hope that this discussion will clarify the opinions expressed by them. 





sut 
rat 
an 


ma 


Conditioning of Steel Castings to Standards of Quality 


By Pau Frrecp*, Quincy, Mass 
INTRODUCTION 


Che cdhditioning of steel castings can mean a great deal more than the 
dressing” which the foundryman carries out on his product to give it a 
lean, workmanlike finish, free from surface defects. This phase of the pro- 
edure is common to all foundries, and is of necessity appraised by visual 


nspection. However, for many engineering services, the casting must be 


further conditioned by removing subsurface imperfections which, because of 
their type and location, may be considered injurious by the engineer. Only this 
atter phase, which is intended to insure the integrity of the casting, will be 
discussed in this paper. 


EVALUATION OF INTEGRITY 


stick if it is to be made part of a foundryman’s contract to supply castings to 
an engineering customer. In order, then, to measure this quality, some test 


). Like any qualifying term, integrity must have some quantitative yard- 


nust be applied which will locate and appraise any significant imperfection 
n the casting. Obviously, such a test must be non-destructive, and there must 
be some means of quantitatively interpreting the test results. Unfortunately, 
uch tests require not only skill and experience in their interpretation, but 
kill and engineering foresight are also necessary to know when and how to 
pply them. 

3. The two principal non-destructive tests in general use today are to 
subject the casting to either magnetic powder inspection (“magnaflux”) or 
radiographic inspection. Each method has its particular field of application, 
ind neither should be considered as a substitute for the other, although they 
may be complementary under some conditions. 


APPLICATION OF NON-DESTRUCTIVE TESTS 


: Magnetic and radiographic tests may be applied readily by either the 
undryman or the customer with simple equipment and a rudimentary 


“Supt. of Development and Research, Shipbuilding Div., Bethlehem Steel Co. 
_ Nore: This paper was presented at a Non-Destructive Testing of Steel Castings Session of the 48th 
\naual Meeting, American Foundrymen’s Association, Buffalo, N. Y., April 28, 1944 
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knowledge of the testing technique. This ease of application may well resy; 
in abuse of these tests, because considerable skill and experience are necessan 
for their effective application and proper interpretation. It is for this reason 
that they so often have been the cause for considerable concern. The situation 
frequently has arisen where a foundry has been supplying castings over a con. 
siderable period of time, with a good record of acceptable castings, only to 
encounter an epidemic of rejections because a new method of testing has been 
applied in the customer’s plant. 

5. The reason for applying this test may be obscure. Sometimes, it may 
have been adopted simply because someone though that it would be a good 
idea to apply such a test, without making an engineering study“of the resolv. 
ing ability of the test, or the relation between resolution and engineering sig. 
nificance of the resolved defect. The result is that an apparently major defect 
is located which appears inherently bad when viewed as a magnetic powder 
indication or as a radiographic film, and the casting is rejected. Does the 
customer, at this stage, always appreciate the fact that the foundryman made 
the rejected casting in perfectly good faith, and that he was justified in assum- 
ing that his product was adequate for the purpose intended because he had 
not had any rejections previously? Unfortunately, the reverse is often true; 
the foundryman is criticized for making a bad casting and may feel that the 
customer has “pulled a fast one.” It is understandable, then, that such appli- 
cations of non-destructive tests bring these sensitive methods of inspection 
into disrepute, and may be the cause of strained relations between vendor 
and purchaser. 

6. Harmonious relations between customer and foundry are possible only 
when either the type and standards of test are mutually agreed upon and 
specified in the order, or when the foundryman is not held responsible for the 
imperfections found by such tests. Where it has been necessary to improve 
the quality of specific castings, the Fore River Yard, during the past ten 
years, has made it a practice to apply many additional searching tests at the 
shipyard. However, the policy has been established not to hold the foundry 
responsible for imperfections found by such additional tests. 

7. Even if radiographic quality is specified in the order, it is often the 
practice to do a great deal of additional radiography and conditioning on 
castings beyond the limits defined in the order. However, none of this work 
is back-charged to the foundry. Such a policy automatically enlists the 
cooperation of the foundry, because it entails no uncertain liabilities. It has 
been found that with such a policy the foundryman will cooperate to the 
utmost, and make every effort to improve his product so as to reduce the 
amount of conditioning done by the customer. 


Tests of Pilot Castings 


8. The benefits of harmonious relations between foundryman and cus 
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tomer are graphically illustrated in charts (Figs. 1 to 4) which show the 
results of magnetic powder and radiographic studies of some high-pressure 
steam castings made for the Fore River Yard by one of the suppliers. After 
the development of the pilot castings at the foundry, a production lot of four 
to each pattern was made and shipped to the shipyard. These castings were 
thoroughly explored by radiography and magnetic powder inspection, and 
the location and type of defect recorded on the charts. A conference with the 
foundry personnel then was held at the shipyard, and changes in design and 
foundry manipulation were thoroughly discussed, with the thought of improv- 
ing the quality of subsequent castings. 

9. It was necessary to make certain concessions. For instance, the steam 
engineer made a slight sacrifice in the efficiency of the valve when the found- 
ryman requested that the valve seat be thickened, to insure adequate feeding. 
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The welding division of the shipyard agreed to undertake the additional weld- 
ing when it was deemed advisable to leave off certain bosses. After this con- 
ference, the foundry rushed through a test casting which was radiographed at 
the shipyard. In less than a week, the foundry received a release for the 
second lot of production castings. When conditioned at the shipyard, practi- 
cally no repairs were necessary, as shown by the radiographic record of the 
charts. 


INFLUENCE OF NON-DESTRUCTIVE TESTING ON THE CONDITIONING OF 
CASTINGS 


10. Conditioning of castings at the plant of the customer should be under- 
taken only when there is a mutual understanding, by all concerned, of the 
problems involved. It may be unwise of the customer’s engineer to embark 
on a program of extensive conditioning of castings without seeking the advice 
and counsel of the foundry personnel. The engineer may be more or les 
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familiar with the necessary operations, such as radiography, welding, heat 
treatment, etc., associated with the conditioning of castings, but if he does 
not thoroughly understand the foundry significance of all imperfections, he 
should not undertake the work. 

11. The heterogeneous nature of a casting is such that there must be 
variations throughout its mass, stemming from the variables of the foundry 
process. Whether these constitute defects or not depends on the service of 
the casting. An obvious example would be the case of a chaplet. The engineer 
who does not appreciate the function of a chaplet can not be competent to 
determine whether or not it should be excavated and the cavity repaired. By 
the same token, if the foundryman is not familiar with the service of the 
casting, he will not be able to make the proper decision, either. 

12. The experienced conditioning engineer will appreciate that the chaplet 
penetrates the wall of the casting and constitutes a discontinuity which may 
cause a leak in a pressure casting. He would excavate such a chaplet as a 
potential hazard, but a similar chaplet in a non-pressure casting might be 
considered harmless. If there is not a broad understanding of the foundry 
process and a thorough appreciation of the intended service of the casting, 
the conditioning engineer may be mutilating acceptable castings. He may be 
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removing harmless discontinuities which result from the inherent heteroge- 
neous nature of the casting. 


RADIOGRAPHIC STANDARDS OF ACCEPTABILITY 


13. To insure proper conditioning of a casting, an appropriate quality 
standard must be established. Obviously, the selection of such a standard 
must depend on the type of service. While it may be conservative to select 
the highest quality grade, it is, nevertheless, poor engineering to do so where 
a lower quality would be adequate for the purpose intended. It is also poor 
business, since the foundryman may have to increase the cost of the casting 
because of the additional work involved on his part. 

14. In marine work, the U. S. Navy has set up five grades of radiographi- 
cally inspected castings, as shown in Table 1. These classification grades are 
successively less rigid. For instance, a specific defect might be unacceptable 
for Class 1, border-line for Class 2, and acceptable for Class 3. 

15. Here is a clear-cut example of the customer specifying the grade of 
quality, and the foundryman can appreciate his liabilities by studying the 
pertinent radiographic standards before he bids on a contract. When no such 
standardized grading is available, the designing engineer must make a study 
of both the casting and the possible defects. The first step is to make a stress 
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Table 1 


CLASSIFICATION OF CASTINGS FOR APPLICATION OF RADIOGRAPHIC STANDARDS 


Class Casting 
| High-pressure valves and fittings (wali thickness less than l-in.). Super-heater 
fittings. 


Boiler stop valves. 
Machinery castings subject to fatigue or impact stresses (wall thickness less 
than 1/-in.). 
High pressure turbine casings. 
Steam chests. 
Turbine throttle valves. 
High-pressure valves and fittings (wall thickness one-inch or greater). 
Low-pressure valves (wall thickness less than one-inch). 
Machinery castings (wall thickness ¥/2-in. or greater). 
3 Low-pressure turbine casings. 
High-pressure exhaust casings. 
Low-pressure end of high-pressure turbine. 
Low-pressure valves (wall thickness one-inch or greater). 
Machinery castings not subjected to steam pressure. 
4 Hull castings less than 3-in. in thickness—subjected to high service stresses. 
Machinery castings not subjected to impact stresses or vibration. 
5 Hull castings 3-in. or more in thickness and subject to high service stresses. 


tr 


analysis of the casting to determine the magnitude, type, and direction of the 
principal stresses. When this is done, it is possible to evaluate the various 
types of defects and pick out their undesirable characteristics. 

16. For instance, radiographic quality can be dispensed with in those 
sections of the casting which might be termed non-structural because the 
actual working stresses are low. In areas subjected to high tensile stresses, an 
elongated defect which lies transverse to the direction of stress must be viewed 
with suspicion, whereas the same defect may be acceptable if its major axis 
is parallel to the direction of stress. However, if the stresses are com- 
pressive, the reverse well may be true. Again, if the defect is of the type 
that it may create a notch effect, it may be particularly serious in sections 
subject to dynamic loading, especially if the notch is transverse to the direction 
of principal dynamic stress. : 

17. Lamellar defects, such as center-line shrinkage, may be harmful if the 
loading in service or during fabrication consists of tensile stresses normal to 
the surface. On the other hand, center-line shrinkage may lose most of its 
significance when the principal stresses are normal to the surface and com- 
pressive in nature. Figure 5 is an example of this condition. A casting of this 
type was radiographically sound in the areas marked for radiographic inspec- 
tion but, by chance, it was aiso inspected in the flat palm at “A,” Fig. ! 
where center-line shrinkage was disclosed, as shown in Fig. 6. 

18. This casting was acceptable because, as shown in Fig. 7, the palm is 
riveted to the ship’s structure. The effect of the rivets is to reinforce the 
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palm and apply compressive stresses normal to the plane of shrinkage. 
Furthermore, the greatest stress which can be applied to the palm would be 
only that resulting from (a) the load to shear off the rivets, (b) the load 
required to buckle the strut arm as a column, and (c) the load to break the 
strut arm in tension. A study showed that of these, the greatest possible load 
was (a), which would require approximately a 2,000,000-Ib. pull to shear the 
rivets. To withstand this load, the palm would have to be only 7% in. thick, 
but to insure bearing for the rivets, the palm was designed to be almost 3 in. 
thick, and actually was cast about 4 in. thick. In other words, there was an 
ample margin of safety in the palm in spite of the center-line shrinkage, and 
the casting was acceptable without repair. 

19. The same casting incorporated into the structure of a vessel by welding 
might be unacceptable, because the different method of attachment might 
readily apply tensile loads normal to the surface. The center-line shrinkage 
would then become a definite discontinuity lying normal to the direction of 
principal tensile stress in a stress-carrying member. 


PRACTICABILITY OF MAGNETIC POWDER STANDARDS 


20. The U. S. Navy and other organizations have been specifying radio- 
graphic quality for certain castings for about 8 years, and there is now a 
sufficient background of experience so that allowance can be made for the 
extra work and time which the premium quality demands. Figure 8 shows 
a typical set-up for the production radiography of large castings. There are 
many excellent references available which discuss the technique of radio- 
graphic inspection. However, with magnetic powder inspection, there has 
been practically nothing published which is applicable to heavy castings of 
the type used in ship construction, and the limitations of this method of 
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inspection must be fully appreciated before making it one of the acceptance 
tests for large steel castings. 

21. Basically, the magnetic powder test is a qualitative, not a quantitative 
test. It will search out and find a discontinuity but, usually, other means 
must be found to evaluate the magnetic powder indication. In its simplest 
application, it is extremely useful as a substitute for acid etching of cavities 
during conditioning of a casting. 

22. For sound repair welds, it is necessary to remove all traces of cracks 
or other significant defects. Frequent magnetic powder check during exca- 
vation will insure this with a minimum loss of time and with the removal 
of a minimum amount of metal. Experience shows that it is more reliable 
than acid etching when excavating cracks and, with an experienced operator, 
just as reliable when excavating shrinkage or sand. As soon as the use of 
magnetic powder inspection is extended to function as a means of finding 
defects, then care must be exercised before applying the test. 


Magnetization 


23. The magnetic powder method of inspection requires that the piece be 
critically magnetized so that the disturbance in the magnetic field created by 
a defect will be sufficient to cause the paramagnetic powder to adhere to the 
surface of the casting. Obviously, the technique of magnetization is one of the 
factors determining the effectiveness of this test. 

24. There are several ways of magnetizing the piece to be tested, but the 
principal method used for the inspection of large steel castings is to pass a 
current through the piece by either the “prod method” or the “all-over 
method.” In the former case, electrical contact with the casting is made by 
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means of two closely spaced prods, connected to a suitable source of current. 
Only the section of the casting between the prods is magnetized. In the 
all-over method, electrical contact is made at each end and the whole casting 
is magnetized. Obviously, the latter method requires a much greater supply 
of current. Welding machines and wet batteries generally are used for the 
prod method, whereas generators or rectifiers of several-thousand-amperes 


capacity are necessary for the all-over method. Typical applications of both 
methods are shown in Figs. 9 and 10. 


Current 


25. The amount of current required to critically magnetize the area to be 
inspected depends on the mass and shape of the piece, light sections respond- 
ing much more readily to the magnetizing current than heavy sections. This 
is particularly true when the all-over method is used for large castings of 
complex shape. The flow of current will not be evenly distributed throughout 
the cross section of the casting, but there will be a tendency for more current 
to flow through preferred sections, resulting in variations in the flux density. 
Thus, it will be seen that the effectiveness of the magnetic powder test will 
depend on sufficient current reaching the area to be tested, so that this area 
becomes critically magnetized. The significance of this statement is that when 
inspecting large castings of complex shape by the all-over method, more and 
more indications will be developed as the magnetizing current is increased. 

26. There are other variables associated with the method of magnetization 
which also must be considered when applying the magnetic powder test. For 
instance, where it is desired to bring out subsurface defects, the greater the 
depth of a defect below the surface, the greater the current required to resolve 
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the subsurface discontinuity. Likewise, the more rounded or spherical defects 
will require more current for delineation than the sharp or crack-like variety. 
Furthermore, the piece to be tested may be magnetized during or prior to the 
application of the powder, at the discretion of the operator. 

27. The magnetizing current may be alternating current, rectified, or 
direct current. Each method has its particular characteristic. For example, 
alternating-current magnetization or direct-current residual magnetization are 
both unlikely to show deep-seated subsurface defects. By changing the method 
of magnetization, it is thus sometimes possible to differentiate between shallow 
and deep-seated defects. 


STANDARDIZATION NECESSARY FOR UNIFORMITY OF TEsT RESULTS 


28. From the foregoing, it will be seen that to obtain uniform results when 
magnetic powder inspection is specified, either the exact method of mag- 
netization or a specific flux density in the area to be inspected should be 
specified. Unless these are clearly defined, the foundryman would be well- 
advised not to bid on such an order because of the uncertainty of his con- 
tractural obligations. 

29. Unfortunately, it is not always appreciated that the magnetizing tech- 
nique is important. In fact, some specifications are so loosely worded that they 
do not even specifically require that the piece be magnetized. The follow- 
ing is quoted from such a specification covering the inspection of welded 
piping: “Radiographic and other tests; all welded piping exceeding 1% in. 
in diameter shall be tested either by radiography or by using a paramagnetic 
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powder dusted over the area to make sure that there are no cracks or other 
defects. Should the quality of the joint be questioned by an inspector—the 
weld shall be cut out and the joint rewelded.” Obviously, the effectiveness 
of such an inspection test would depend on how conscientious the operator 
was in critically magnetizing the piece. 

30. From the preceding paragraphs, it will be appreciated that there is 
considerable latitude in the application of the magnetic powder test. When 
the engineering conditions warrant the use of this test, the first responsibility 
of the engineer is, therefore, to specify the test technique. Hence, it may be 


advisable to write a specification or procedure to cover each new application 


of the magnetic powder test. Appendix | is a typical test procedure in use in 
the shipbuilding yards of Bethlehem Steel Co. covering the magnetic powder 
inspection of a specific class of casting in a particular area for a specified defect 


It will be noted that the specification opens by stating what type of defect is 


being sought. 


INTERPRETATION OF THE MaGNeETIC Powper TEsT 

31. The interpretation of the magnetic powder indications, like the inter- 
pretation of radiographic films, requires considerable experience. However, 
the magnetic powder test differs from radiography in that it is not practicable 
to accurately gage the depth (or sometimes the subsurface magnitude) of 
the defect. In radiography, an operator with some experience usually is able 
to gage the depth of the defect and to appraise its subsurface extent when he 
examines the radiograph. When necessary, he can always resort to the simple 
expedient of making two or more exposures of the same area from different 
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angles, permitting a full appraisal of subsurface defects by mensuration or by 
stereoscopy. Unfortunately, the evaluation of magnetic powder indications js 
not always as straightforward. 

32. While the prime function of the magnetic powder test is to search 
out and delineate the defect, its subsurface extent can be estimated by noting 
the magnetic powder pattern and the amount of “build up” of powder with 
different magnetizing techniques. Positive appraisal can be made only by 
exploration or by supplementing the magnetic powder test with radiographic 
inspection of the questionable areas. 

33. Thus, it will be appreciated that the interpretation of the powder 
indications by inexperienced personnel will involve a great deal of excavating 
during the period of education of the personnel, unless standards showing 
types of indications are available, and some means of appraising the sub- 
surface extent is at the disposal of the operator. Even if standards are avail- 
able, they may be useful only to classify the defect, and the operator must 
use his foundry knowledge and judgment to estimate its subsurface extent and 
its engineering significance. 


False Indications 


34. It is generally accepted that magnetic powder inspection is more 
reliable on machined or otherwise smooth surfaces. However, it is not prac- 
ticable, nor is it necessary to grind or smooth the surface of a casting before 
inspection. Many false indications will occur at surface blemishes, such as 
rough fins, snagging chisel marks, surface sand, etc. The most rapid method 
of showing the insignificance of these indications to the inexperienced will be 
a local visual inspection of the area, or possibly by grinding the area smooth 
and repeating the test. 


Cracks or Tears 


35. The magnetic powder test is ideal for locating cracks or tears which 
extend to the surface. When the direction of the magnetic field is critically 
oriented, a strong indication will be developed: Visual examination of the 
area, after removal of the indication, usually will show the presence of the 
crack. 

36. Subsurface cracks also may be shown by wide and “fuzzy” indications. 
Depending on their magnitude, they can be shown at considerable depths 
below the surface, with the proper magnetizing technique, but the indications 
may be weak and sparse. Such indications can be mistaken for minor shrink- 
age, or even sand, and differentiation is difficult without further exploration, 
such as by radiography. 


“Tight” Cracks 
37. There is one type of crack readily found by the magnetic powder test 
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which calls for considerable engineering judgment in its interpretation. The 
sensitivity of the test will disclose the presence of “tight” cracks at or near the 
surface of almost any large steel casting. These cracks are not visible to the 
unaided eye after removal of the magnetic powder indication. They are not 
something new and, undoubtedly, always have been present in large steel 
castings, but they have been only recently revealed when magnetic powder 
inspection was used. They are prevalent in areas which are subject to cooling 


stresses, such as in way of fillets (Fig. 11) or sharp changes in sections 
(Fig. 12). Table 2 shows a typical inspection of such areas. 

38. Considerable judgment in the interpretation of these tight cracks is 
required because they appear to be alarming in their length and stress- 
concentrating ability. No engineer likes to make the decision that any crack 
is harmless. It often is easy to evaluate shrinkage or porosity and state that 
it is insignificant, but with a crack there is always the possibility that it may 
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Table 2 


Strut CASTINGS—MAGNETIC POWDER INSPECTION 





Area : ——~ Teeicaionts - 
—Castings— Inspected, No. per Total Average In 
No. Type sq. ft. No. sq. ft. Length,in. Length,in. per sq. jt 
1 Intermediate 8.1 23 2.8 48 y SR 5.9 
2 Intermediate 15.5 24 1.5 73 3.0 47 
3 Intermediate 8.1 9 1.1 19 a8 2.3 
4 Intermediate 8.1 21 2.6 58 2.8 7.2 
5 Intermediate 15.5 8 0.5 16 2.0 1.0 
6 Main 32 49 1.5 105 Ay 3.3 
7 Main 32 42 1.3 88 2.] 28 
8 Main $2 25 0.8 58 2.3 1.8 


propagate in service. If the engineer makes the usual arbitrary decision that 
all cracks shown by magnetic powder indications must be removed, then the 
job of conditioning such a casting may become laborious and will, of course, 
result in delays and increased cost. 

39. It will be seen from the foregoing that the engineer will find himself 
in somewhat of a predicament. On the one hand, experience may show that 
in the past failures of the casting have not been caused by these cracks, even 
though they were present. On the other hand, he is reluctant to leave any 
crack in the surface of the casting. However, the issue must be faced, and the 
engineering decision must be made to take out the cracks which can be shown 
to weaken the resistance of the casting to the working loads to which it is 
subjected. While it is out of line with the usual engineering decisions based on 
visible cracks, it is often possible to leave some of these “tight” cracks in the 
casting because they may come in non-structural areas. 

40. For instance, on strut castings, similar to that shown in Fig. 13, the 
fillet where the arm joins the barrel may be padded considerably to permit 
a smooth flow of water around this section. Structurally, the midlength of 
the arm is the weakest section when the strut is subjected to tension. Indica- 
tions transverse to the axis of the arm (Fig. 13-A) would be considered dan- 
gerous when they occur in the arm proper, but need not be considered so 
hazardous in the built-up fillet or in the fairwater (Fig. 13-B). Likewise, 
indications occurring at the junction between the palm and the ship’s struc- 
ture would be considered dangerous because of the additional bending which 
could occur at this location (Fig. 13-C). Figure 14 is the area shown in 
Fig. 12 after excavation of the cracks. These cracks were considered harmful 
because they occurred at the point of maximum bending in the strut arm 
and might become focal points for stresses to concentrate. 


Depth of “Tight” Cracks 


41. Regarding the depth of these “tight” cracks, the most reliable yard- 
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ctick is the length and continuity of the indication. Experience shows that the 
depth of a surface crack is somewhat a function of its continuous length, and 
ysually is less than 50 per cent of the latter. Thus, if a crack is 4 in. long, it is 
unlikely that it will exceed 2 in. in depth. If it appears to be, say, 9 in. long, 
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but close examination shows it to be a series of short cracks, the longest of 
which is 3 in., the average depth of the 9-in. long indication is likely to be 
about 114 in. A magnetice powder indication of this form of crack is shown 
in Fig. 15. This crack. was excavated and the maximum depth of the cavity 
was 154 in. 


SIGNIFICANCE OF CRACKS IN HIGH-PRESSURE, HIGH-TEMPERATURE CAstTINos 


42. In high-pressure, high-temperature castings, cracks always must be 
viewed with suspicion. Even though the crack may not be the cause of a 
steam leak when the part is first put into service, experience has shown that 
it may develop into a leak later. 

43. The engineer, in designing high-temperature castings, must keep the 
working stresses below a safe maximum. The stress concentration at the root of 
a crack may be sufficient to raise the stresses in this region to a dangerous value, 
and the reaction of the metal in way of the crack may become unpredictable. 
For this reason, it is the practice at the Fore River Yard to apply all-over 
magnetic tests to many high-temperature steam castings. Figue 16 shows the 
excavation of defects found by the magnetic powder method in a typical mer- 
chant throttle valve. 

44. As the operator gains experience, he will be able to differentiate 
between other defects, such as surface sand, shrinkage, burning scabs, etc. 
Typical photographs of characteristic magnetic powder indications are shown 
in Figs. 17 to 24. 


MAGNETIC PowpDER INSPECTION AS A COMPLEMENT TO RADIOGRAPHY 


45. A useful way of using magnetic powder inspection is to make it com- 
plement radiographic inspection. For example, if in the radiographic inspec- 
tion of a series of identical castings it is found that some are defective in the 
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same area, a standard often can be created for this location. Areas which 
have been radiographed are also inspected by magnetic powder. The powder 
pattern is compared with the radiographic image and the relationship between 
each method of test established as a standard for the area under consideration. 
Subsequent castings then may be magnetically inspected instead of radio- 
graphed in this area, at a considerable saving in time. An advantage of this 
form of inspection is that it enables the operator to gain experience in the 
evaluation of magnetic powder indications. 


Shrinkage 


46. The foregoing method is particularly useful when shrinkage must be 
located and evaluated. If shrinkage is present in a specified area, it usually 
will recur in exact locations and assume the same general contour in each 
succeeding casting, thus establishing the shape and location of the magnetic 
powder pattern. 
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+7. The method is useful, too, for other defects. For example, the design 
of a casting may be such that a certain area is prone to trap sand, the presence 
or freedom from which sometimes may be rapidly established by magnet 
powder inspection after the reliability of the technique has been established 


for that area with the aid of radiography. 
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48. In the case of castings which are being radiographically inspected, the 
foundry can save considerable time and unnecessary work if the surface 
defects are located by an “all-over” magnetic powder inspection. The time 
consumed for such a test would be only a few minutes from start to finish, 
and the inspecting personnel is assured that most of the surface defects and 
many subsurface discontinuities have been located. However, this test should 
not be made a part of the acceptance test unless everyone concerned is 
thoroughly familiar with the significance of the indications which are likely 
to be found. 

49. The prime function of this procedure is to make the magnetic test do 
the searching in the visual inspection which all castings receive at the 
foundry. It is not intended to do the evaluating, and this must be left to the 
judgment of foundrymen who are familiar with the factors influencing dis- 
continuities in the surface of castings. Where any controversy exists, the area 


should be radiographed, and acceptance or rejection based on mutually 
acceptable radiographic standards. 
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VALUE OF MAGNETIC POowDER METHOD OF INSPECTION 


50. From the preceding remarks concerning the interpretation of mag- 
netic powder indications, it will be seen that this method of inspection jg of 
great value if its use can be limited to the exploration of specific defects 
which can be evaluated to “go and no go” standards, as in the case of the 
inspection of flanges where cracks are not tolerated (Appendix 1). It should 
not be made part of a contract or required as an acceptance test unless the 
magnetizing technique is specified, together with the area to be inspected, 
Only in this way will the foundryman be able to appraise his liability and 
estimate the additional time and cost of conditioning that “magnetically tested 
quality” will require. 


RESPONSIBILITY FOR INTEGRITY 


51. The conditioning engineer appreciates that his work can be properly 
undertaken only when he can consult with foundrymen and designing engi- 
neers to guide him in his decisions. Each branch of engineering plays an 
important part in the proper evaluation of integrity because there can not be 
perfection with such a heterogeneous and complex structure as a casting. The 
conditioning engineer can insure only that the casting is suitable for the 
purpose intended. 

52. It is apparent, then, that the foundryman alone should not be charged 
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with the responsibility of obtaining the type of casting demanded by any 


specific engineering application. It must be the result of cooperative effort 
on the part of every branch of engineering, and everyone concerned should 
be familiar with the problems and the standards of integrity which will be 
demanded before such standards are made part of a contract. 


FLAME EXCAVATION OF DEFECTS 


33. The conditioning of castings to high standards of integrity will 
demand a great deal of excavating. Experience has shown that approxi- 
mately one-half of the repair time is occupied by chipping. A great deal of 
time can be saved if flame-gouging is employed. Special oxyacteylene torches 
are manufactured by gas cutting companies for this purpose. However, satis- 
factory work can be done by using an ordinary hand cutting torch. 

34. The hard brass tubing in the standard hand cutting torch is replaced 
with annealed tubing so that the operator can bend the torch to suit con- 
ditions. The gouging tip is not the same as the standard cutting tip. It pro- 
vides more preheat and usually has six preheat holes instead of four. The 
oxygen hole in the center of the tip is tapered outward for about the last 
inch of its length. This tapered hole reduces the velocity of the high-pressure 
oxygen, and is necessary to avoid scouring of the section being gouged. It 
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gives the operator better control in washing away molten metal. The gas 
pressures are the same as for good cutting practice, and call for about 50 jb, 


on the high-pressure oxygen. 








Fic. 23—Macnetic Powper InpicaTions or SHRINKAGE. 
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Flame-Gouging 


55. When flame-gouging was first tried at the Fore River shipyard, an 
attempt was made to train several expert burners in the art of excavating 
astings, but without much success. They all did an enthusiastic job of goug- 
ing, but in doing so, they created an unnecessary amount of welding. Later, 
the job was turned over to a welder instead of a burner, and, after some 
practice, he became proficient in excavating defects with minimum removal of 
sound metal. 

56. Those not familiar with the technique often question the advisability 

of gouging out cracks, expressing the belief that the resulting thermal stresses 
may cause the crack to propagate. This is not the case when the operation 
is carried out properly. Correct technique calls for a soft preheat for a fair 
distance around the defect, and, when gouging is started, the operation should 
not be stopped until the crack is completely excavated. If the operator should 
sop before the crack is completely excavated, the thermal stresses on cooling 
will cause the crack to propagate. 
57. Cracks sometimes will develop in gouged cavaties if they are chilled 
on cooling, or if the gouging operation has left a thin membrane of sound 
metal at the bottom of the casting. The rapid chilling of this membrane 
readily can cause a shrinkage crack to develop. 

58. The basic principle of skillful gouging is to avoid overheating and 
xouring of the area to be excavated. This is accomplished by working with a 
comparatively small “puddle” of molten metal and effecting the penetration 
into the casting by gently washing away shallow layers. In this way, the 
torch is moving continually at a comparatively fast rate, and this prevents a 
concentration of the heat for a prolonged period of time at any one spot. 

9. An advantage of the gouging process is that it is very easy to see the 
defect when it is encountered, and consequently the point at which removal 
s completed is readily apparent. The molten metal will appear to the 
operator as a yellow puddle, but, as soon as the defect is encountered, it 
generally will appear as black scar in the molten metal. However, trapped 
and will manifest itself by its incandescence, which is greater than that of 
the molten metal. With the possible exception of “tight” cracks, experience 


shows that defects are much easier to “chase” by flame-gouging than by 


Radiography may be used to advantage in planning an excavation. 
Ifa defect has been found by radiography, a study of the radiograph both 
before and during the excavation will facilitate its removal. Figure 25 shows 
a typical gouging operation with the radiographer watching the excavation 
and comparing the course of the defect with the radiograph. 


MAGNETIC INSPECTION OF FLAME-GOUGED AREAS 


Care must be exercised in the magnetic inspection of gouged areas. 
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Fic. 25-—-Burninc Our SuHreinkace Cavity 1n Cast Sree: France. Lerr—RaprocrarHer Howpine Ran. 
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Heat changes the magnetic properties of steel, and the technique which wil 
show a defect at room temperature may be quite inadequate at 200 to 300° F 

62. No attempt will be made to discuss the welding and heat-treatment 
operations which are a necessary part of the repair of castings. These 
processes have been covered amply in the literature, and it will suffice to 
say that the conditioning engineer should assure himself that the proper 
technique is being used to produce sound repair welds. This usually is 
checked by radiographic examination of all repair welds in quality castings 


SUMMARY 


3. The combined and intelligent use of non-destructive testing and flame- 
gouging will furnish the conditioning engineer with the facilities for pr- 
ducing high grade castings in any desired range of quality. The judicious 
cooperation between the foundry, the designing engineers and the inspection 
personnel will yield a premium quality of casting properly engineered to the 


intended application. 
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Appendix 1 


BETHLEHEM STEEL Co. SHIPBUILDING DIVISION 
SPECIFICATIONS FOR THE MAGNETIC POWDER INSPECTION OF CAsT FLANGES 


ON CASTINGS WHICH HAVE BEEN RADIOGRAPHED 


I—INTRODUCTION 


Some cast steel valves and fittings are known to be susceptible to cracking in such a 
manner that the defects are not discovered by the usual radiographic methods. Cast-on 
fanges have been particularly troublesome in this respect, cracks having been discovered 
in the inside of the wall near the junction of the valve wall and the flange. These cracks 
can be detected by magnetic powder inspection when the proper technique is used, and 
this method of inspection is specified for all steam line valves and fittings for which 
radiographic inspection is required. The following instructions describe the procedure 
which has been used successfully in the detection of cracks of this type. The procedure 
isnot intended for use in the general magnetic powder inspection of castings, nor for the 
detection of any defects other than cracks. 


II—MaAcneTIzING EQUIPMENT 
A) Source of Current 


rhe primary requirement for the magnetic powder inspection of flanges is a source 
of supply of 300 to 600 amperes, direct current, at low voltage. Any of the following 
we satisfactory sources for this purpose: 


1) Welding Generators: One or more machines may be used to produce the neces- 
sary Current, connected in parallel when more than one machine is used. A contactor 
switch in the circuit is desirable, since making and breaking contact directly on the 
casting will produce an excessive amount of “arcing” at the voltage of a welding 
machine. 


2) Storage Batteries: Storage batteries built especially for the purpose of magnetic 
powder inspection offer a desirable and readily portable source of current. These 
batteries are fitted with eleven heavy plates per cell and wooden separators. Three cells 
are mounted in a regular automobile storage battery case, each cell having external 
connecting posts so that they may be used separately, or connected in parallel. Each 
cell will supply a current of 300 to 400 amperes at 2 volts, and by connecting two 
or more cells in parallel, any multiple of 300 to 400 amperes may be obtained. The 
low voltage eliminates the need for contactor switches, since contact can be made 
directly on the castings without objectionable “arcing.” However, it is essential that 
good contact be made, since voltage of this order will not overcome the resistance 
due to excessive amounts of dirt, scale, or grease on the contact surface. 
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(3) Other Sources of Current Supply: Any other sources of direct current of suff. 
cient capacity, such as transformer-rectifier units, are suitable for the purpose, 


(B) Connection of Current Source to Castings 


(1) Copper Bus Bars Clamped to Flange: This method is suitable for use in cop. 
nection with welding generators. The welding leads are clamped, through the by; 
bars, to opposite sides of the flange diameter. Current is passed through the flange 
by starting the generator, or, if a contactor switch is included in the circuit, by clos. 
ing the switch with the generator running. 

(2) Prods: Prods may be used either with a welding generator, when a contactor 
switch is included in the circuit, or with storage batteries. As previously stated, a 
contactor switch is not necessary if 2-volt batteries are used. Prods consist of a copper 
bar (approximately %-in. outside diameter) attached to the wire leads. Copper 
wire braid or wire sponge is clamped over the end of the bar in order to provide a 
flexible seating surface when making contact with the casting. Suitably insulated 
hand grips, such as fiber tubes, are placed over the copper bars so that they can be 
safely handled, leaving about 1 or 2-in. of the copper bar exposed. 

(3) Coils: A magnetic field can be induced in a casting by winding a coil about the 
casting and passing current through the coil. However, the method is not considered 
practicable for the type of work under consideration. 


(C) Measurement of Current 


In conducting the magnetic powder inspection, it is desirable to make a periodic 
check of the amount of current flowing in order to insure a magnetic field of sufficient 
intensity. For portable equipment, the “tong” type of ammeter is useful. Another 
method of measuring the current is to incorporate a millivoltmeter into the current 
supply leads, using a measured lengh of lead as a shunt for the meter, Thus, when 2/) 
welding cable is used as a lead, a 50 millivoltmeter, connected across a 10-in. length of 
cable, will show a full-scale reading when a current of 600 amperes is flowing. An 
instrument of this type can be mounted readily on one of the leads, near the current 
source, without interfering with the portability of the equipment. 


III—Powbers 
(A) General Requirements 


The powder used in magnetic powder inspection should be a magnetic material of 
low magnetic retentivity. The particles should be of such size and shape that they are 
readily mobile over the surface of the part being inspected under the influnce of a weak 
magnetic field. The color of the powder should offer sufficient contrast to the color of the 
specimen so that indications may be seen readily. 


(B) Powders in General Use 


The powders prepared commercially, especially for the purpose, possess characters 
tics for the detection of both surface and subsurface defects. These powders are sized 
properly and the particles are coated with a compound which adds to their mobility and 
which helps to prevent agglomeration of the powder. These coatings are also colored, 
so that gray, black, or red powders are available. Iron reduced by hydrogen (black), 
magnetic iron oxide (black) and other commercial products also have been used with 
success in magnetic powder inspection, but recent tests indicate that these powders lack 
some of the sensitivity of the standard powders, as well as the benefits of the coating. 
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[V—APPLICATION OF MAGNETIC PowpeR INSPECTION TO CasT FLANGES 

In the detection of cracks by the magnetic powder method, it is necessary to pass 
current through the casting in a direction roughly parallel to the direction of the crack. 
In this manner, a magnetic field is set up in a direction transverse to the crack. The 
interruption in the flow of the magnetic field, due to the crack, will cause the magnetic 
oowder to collect at the crack, if the powder is introduced to the general vicinity. When 
ysing prods, contact should be made on the inner wall of the flange at points 6 to 8-in. 
apart. It may be necessary on as-cast surfaces to grind lightly through surface scale or 
dirt in order to insure good contact. 

As previously stated, a current of 600 amperes is required when the entire flange is 
magnetized by clamping bus bars to opposite diameters; however, in the prod method, 
the magnetic field is confined to a smaller area and a current of approximately 300 
amperes is satisfactory. While the current is flowing between the contact points, the 
powder should be applied lightly to the area between the prods. 

Hand shakers, bulb blowers, or cloth sacks may be used as powder applicators, the 
principal requirement being to produce a cloud of slow-moving, fine particles in contact 
with the area under inspection. If a crack is present, the powder particles will collect 
and bridge over the crack so that it will be readily visible. After the powder has been 
applied, and while the current is still flowing, any excess powder lying on the surface 
of the casting may be blown away without disturbing the crack indications. 


V—INTERPRETATION OF RESULTS 


The indication of a crack will consist of a sharp line of powder following 
the contour of the crack. Indications of other surface or subsurface discontinuities 
also may be obtained, but, after some experience, they can be readily distinguished from 
a crack indication. Surface irregularities in the casting surface may attract the powder, 
but since the irregularities usually are visible and easily identified, indications of this 
type should not be confusing. Subsurface sand inclusions or shrinkage may also cause 
powder indications. However, these indications usually are distributed over a wider 
area than is a crack indication, and the powder usually is only lightly held. Sand or 
shrinkage of significant magnitude can be detected readily in the radiographic inspection 
of flanges, and the magnetic powder inspector may disregard indications of minor defects 
of this type in cast flanges. 

Oil or grease on the surface of the casting may hold the powder mechanically, and 
tither prevent the powder from moving to a defect or confuse the interpretation of the 
test due to the widespread holding of the powder. Dirty areas of this type should be 
cleaned before the application of the test. 

In the event of doubt as to the proper interpretation of an indication, the powder 
should be removed and the surface of the casting examined for a visible surface explana- 
tion of the indication. The test may be then repeated, possibly with the prods in a 
lightly different position in relation to the indication. By varying the prod positions in 
this way, the indications sometimes can be brought out more clearly. 

In general, it can be stated that an indication of a crack will leave little doubt in 
the inspector’s mind as to the identity of the defect. An inspector should have an oppor- 
tunity to see the method applied to a known defect, and he then should have no 
trouble in recognizing a crack indication during routine inspection. A method some- 
times used to determine the depth of a crack is to cross-grind part of the area in which 
the indication occurs. If the crack is deep, a check by magnetic inspection will produce 
a sharp indication in the ground area. However, if the crack is only at the surface, 
possibly extending into some subsurface sand, the powder indication in the ground area 
will become diffused, or possibly eliminated. 
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DISCUSSION 


Presiding: C. W. Briccs, Steel Founders’ Society of America, Cleveland, Ohio 

C. E. Betz’ (written discussion): Mr. Ffield’s paper is an excellent presentation of the 
problems involved in the task of preparing castings so that they may be suitable for thei; 
intended purpose. Recognition of the principle that inspection should not be more criti. 
cal than required by the design and service of the part is, unfortunately, all too infre. 
quent, and everyone is familiar with cases of disastrous rejections by overzealous applica. 
tions of otherwise useful inspection methods or tests. 

Such malfunctioning of inspection processes is particularly frequent in the case 9 
new testing methods or devices, sometimes because the inspections are required by jl. 
considered or poorly prepared specifications, but more often because those attempting to 
apply such methods lack sufficient experience and are not sufficiently familiar with ¢} 
limitations, or the variations in technique, which vitally affect the value of any results 
which may be obtained. And further, as the author has emphasized, trouble often ; 
due to the fact that decisions, as to acceptability or otherwise, may be made by thos 
who do not know the whole story and are, therefore, not competent to judge whether a 
given condition really is objectionable for a specific purpose. 

Magnetic powder inspection is no longer a new method, even in the steel castings 
field, but it is true that in this field it has not as yet been as widely used as in som 
others, and to date there have been very little data published bearing on the special 
problems of castings inspections. For this reason, the present paper is particularly timely 

There are a few points in the paper which, it seems to us, should be clarified or sim- 
plified. For instance, in paragraph 24 in defining the all-over and the prod methods, 
no mention is made of the very useful magnetizing procedure which consists of passing 
a conductor through an opening or openings in the casting to produce a circular field 
in the metal surrounding the opening. Such a conductor may consist of a single bar or 
cable, or multiple turns of cable wound through the hole. The field so produced is a 
“circular” field just as much as that produced when contacts are actually made on the 
surface of the casting and current passed, and the direction of the field may be much 
more favorable for locating discontinuities in certain directions (for instance, cracks 
radial with respect to the hole) than the all-over method might produce. 

Another method of “all over” magnetizing is by use of a coil wound about the casting 
at suitable locations. This coil method is briefly referred to in the specification in the 
appendix. Though the coil method may have no preferred applications in the type of 
castings discussed in this paper, it nevertheless may be, for some purposes, the best 
method of magnetization. 

In paragraph 24, the statement also is made that in the prod method “Only the sec- 
tion of the casting between the prods is magnetized.” This is not literally true, although 
the most intensive field is located between the prods. But a considrable area around 
each prod, and for some distance on either side of a line drawn between the points of 
contact, is magnetized, and indications of discontinuities often are obtained in such areas 

In stating that welding machines and wet batteries generally are used as a source of 
current in the prod method, and generators and rectifiers for the all-over method, the 
author overlooks the fact that specially designed portable rectifier magentizing units are 
in general use and present certain definite advantages for the prod method. In para- 
graph 25, the statement that sufficient field must be produced in the area being inspected 
is definitely true, and one difficulty in the use of the all-over method of magnetizing a 
casting lies in obtaining satisfactory current—and therefore field—distribution. In many 
complex shapes, the all-over method would be entirely unreliable, and some other 
method of magnetization must be resorted to. 





1 Magnaflux Corp., New York. 
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In paragraph 26, it is stated that to resolve deep-seated defects current must be 
acreased as depth of defect increases. This undoubtedly is true of the all-over method, 
but for the prod method the spacing of prods is, in our experience, an equal and often 
the predominant factor in subsurface senstivity. 

The further statement that the piece to be tested may, at the discretion of the operator, 
he magnetized during or prior to the powder application should be qualified by the addi- 
condition that the character of the steel, particularly its magnetic retentivity, must 


tional 


be favorable before the residual technique {powder application following magnetization) 
may be used. 

In paragraph 28, we agree that in specifying magnetic particle inspection it is impor- 
tant, to obtain uniform results, to specify the conditions of the test. Because of the 
impossibility with available instruments of readily or accurately measuring flux density 


n any given area of a casting of complex shape, we believe the method of magnetizing 
isa better basis of standardization. 

We heartily agree that specifications for magnetic particle testing should not leave 

great latitude in the techniques permitted, particularly where specific defects in spe- 
cific types of castings are sought; to require merely that a casting must pass magnetic 
particle inspection means nothing. 
- In Table 2, a further discussion of the data would be interesting. For instance, 
what is the value of the total length, average length and length per sq. ft. of indica- 
tions, in judging the results of such an inspection? The relationship between length of 
a surface crack and its depth is extremely interesting and should prove very useful in 
evaluating indications. 

In conclusion, we would like again to comment on the excellent conception of the 
proper function of the magnetic particle inspection method in the castings field which 
sshown throughout the paper. 

Mr. Frietp (answer to Mr. Betz’ written discussion): Regarding Mr. Betz’ discussion 
concerning methods of magnetization; in paragraph 24 I stated that “There are several 
ways of magnetizing the piece to be tested, but the principal method for the inspection 
{ large steel castings is to pass a current through the piece.” I do not doubt that the 

ircular” field produced by a coil wound through the casting would be adaptable to 
ome castings, but our experience shows that this method is not particularly suitable 
for large castings of the type used in shipbuilding. The coil method has the disad- 
vantage that it is not always possible to critically orient the magnetic field. For instance, 
we recently encountered an epidemic of cracks in centrifugally cast stern tubes. The 
cracks were circumferential, and in the original inspection we used the coil method of 
agnetization and failed to reveal the cracks. However, the cracks were clearly brought 
ut by the prod method and subsequent castings were inspected by this technique. 

We have not found the all-over method to be satisfactory when the magnetizing tech- 
nigue consists of winding a coil about the casting. The type of casting which we are 
frequently called upon to magnaflux may weigh anywhere from 25 to 100 tons, and our 
experience indicates that the prod method is most effective for critically magnetizing 
specific locations, and has the advantage that it is not necessary to establish a different 
technique for each location. 

The “circular” method and all-over method of magnetization menticned by Mr. Betz 
would have distinct advantages when inspecting comparatively smali steel castings. 

Regarding Mr. Betz’ comment on Table 2, the purpose of including data concerning 
the lineal Iength of indications and the length of indications per sq. ft. of area was to 
give some idea as to the additional repair work which is involved when radiographically 
sound castings are subjected to magnaflux inspection. For instance, referring to Tablé 2; 
ia casting no. 1 the total length of indications was 48 in., and the conditioning engi- 
neer would expect to make repair welds with a combined length which would exceed 
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48 in., or reading in the last column, the conditioning engineer would expect to hay 
to make a repair weld of 6 in. in length for each sq. ft. of casting inspected 

L. W. Batu’: This question has regard to the professional status of the magnetic inter. 
preter. When any method of inspection is used to decide the acceptability of material 
the man making the decision should have some definite professional standing. Ip the 
x-ray field we have had a great deal of difficulty in getting professional status estab. 
lished for film interpreters. At present in this country, there is still no such thing as q 
registered or certified radiographic interpreter. Are magnetic inspectors being certified 
and if not, is it practicable for them to be certified ? 

Mr. Frietp: That is an interesting point. All I can tell you is how we handle oy 
radiographers and magnaflux operators. In most organizations, there is a chief saul, 
neer at the head of the engineering departments. In the shipyard, our technical divisions 
are headed by a technical manager, and he has three assistants; a naval architct, who js 
in charge of hull design; a chief engineer, who is in charge of the machinery design: ang 
a materials engineer, who is in charge of materials. The materials engineer’s duties 
include the control of radiographic and magnaflux inspection. He has under him a 
chief radiographer and a group of radiographic and magnaflux operators. With such 
a set-up, any controversial point on non-destructive testing is arbitrated by a topside 
man in the organization, having equal ranking with the man in charge of hull or the 
man in charge of machinery. 

We do not certify our magnaflux operators, but we do recognize their professional 
status by making them members of an engineering department where they have the 


complete backing of the technical managment. 


2 Triplett & Barton, Burbank, Calif 





Magnetic Powder Inspection 


of Large Castings 


By Joun F. Corron*, STEELTON, Pa 


Abstract 


In his paper, “Conditioning of Steel Castings to Standards of Qual- 
ity,” Paul Ffield points out the variables involved in magnetic powder 
inspection. He states that before a satisfactory application of thts 
method can be made it is necessary that a mutual understanding of the 
problems involved exist between the engineer and the foundrymen. He 
further recommends that standards be established to govern the variables 
encountered in the application of this method of inspection. It is the 
object of this paper to evaluate these variables quantitatively, and, in so 
doing, to show that a standardized technique must be established before 


standards of magnetic powder inspection can be prepared 


INTRODUCTION 


|. The data submitted in this paper have been accumulated during a 
series of experiments and are also based on experience gained during several 
years of the magnetic powder inspection of large castings, as a supplement to 
radiographic inspection. 

2. During this period, it was quite evident that both radiographic and 
magnetic powder inspection had their advantages and their shortcomings. 
For the purpose of comparison, four different types of hull castings were 
selected and tested by both methods. All defects recorded, either by magnetic 
or radiographic inspection, were excavated to reveal their actual type and 
size (Tables 1 to 4) 

3. The tables reveal that eight areas showed defects in the radiographic 
films which were not indicated in the magnetic powder inspection. Of these, 
two were center-line shrinkage which magnetic inspection can not reveal, one 
was a minor sand area which was not repaired, and the remainder were tears 
readily located by magnetic inspection once the direction of the defect was 
known. 

4. In comparison, the magnetic method of inspection revealed nine defects 
not recorded by the radiographic film, even though their location was known 
and the film and radium were placed in the most advantageous position. Of 


*Bethlehem Steel Co. 


Nore: This paper was presented at a Session of Non-Destructive Testing of Steel Castings at the 48th 
Annual Meeting, American Rooniveien’ Association, Buffalo, N. Y., April 28, 1944. 
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MAGNETIC Powber INspeEctioy 


Excavation 


Size, 
Inches 
Tear—7 x 1% x Y, 
Sand and Shrinkag 
4x1 x! 
9x9x 2 
8x9x 2 


206 
Table 1 
COMPARISON OF MAGNETIC AND RADIOGRAPHIC INSPECTION OF 
RUDDER CASTING 
panes —Magnetic Inspection— 
Number Type All-Over Prod Radiographic 
Method, Method, Inspection, 
Inches Inches Inches 
1 Tear, Sand No No Sand and 
and Indication Indication Shrinkage 
Shrinkage Visible 
2 Tears 7 and 4% 7 and 31%4 Not Visible 
3 Tear 5% 6 Not Visible 
Table 2 


CoMPARISON OF MAGNETIC AND RADIOGRAPHIC INSPECTION OF 


RuppER Support Box CASTING 
Inspection—— 


' ——Defect———-  — Maenetic 


Number T ype All-Over Prod, Radiographic Excavation 
} Method, Method, Inspection, Size, 
\ é Inches Enches Inches Inches 
] Visible Tear 201% 20% 2214 30 x 314 x Through 
2 Shrinkage No Indication No Indication Visible Not Excavated 
3 Shrinkage No Indication No Indication Visible Not Excavated 
A A Sand No Indication No Indication Visible Not Excavated 
f 5 Tear No Indication No Indication 314 plus ee ae 
. , 6 Tear 44 44 5% e212 1% 
oe 7 Tear No Indication No Indication 3 9%xilx% 
4 8 Tear No Indication No Indication 2 sak © 
9 Tear No Indication No Indication 4% plus 2 a2x2 
‘| 10 Tear 1% 2 11% 644 x 1%x 1% 
; Table 3 





COMPARISON OF MAGNETIC AND RADIOGRAPHIC INSPECTION OF 


ne 
Number T ype 
] Visible 
Burning Scab 
Sand 
Visible 
Burning Scab 
Sand 
Visible Sand 
Sand 
Shrinkage 


oo NO 


NOOO > 


Harr MaAIn Strut CASTING 


—Magnetic Inspection— 


Excavatior 


All-Over Prod Radiographic Size, 
Method Method Inspection Inches 
Satisfactory Good Partially Visible 5 x 2 x % 
Good Poor Partially Visible 3 x 4 x % 
Good Good Partially Visible 4 x 2 x % 
Good Satisfactory Not Visible 8x 1x % 
Good Poor Visible Fake 
Good Satisfactory Not Visible 6x5x 4 
Good Poor Not Visible 7x 6x! 
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Table 4 


COMPARISON OF MAGNETIC AND RADIOGRAPHIC INSPECTION OF 
RuppER Post CASTING 


- a —Magnetic Inspection— 
Vumber Type All-Over Prod Radiographic Excavation 
Method, Method, Inspection, Size, 
Inches Inches Inches Inches 
Tear 11% 9 6 17x4x3 
5 2 Ss 23 
2 10x1x 1 
Not Visible 5% x 1 x 
Not Visible 54 x 1% x % 
11 17x4x3 
Tears and Chaplet 5 4%, 8x1%wAx% 
Tear 1% 7x1%x I! 
Tear and Sand 314 3 44 8x1%x1% 
Tears and Sand 3 oy Not Visible 20x 3x 2% 
Tear and Sand / Vf Not Visible 11x 1%x 1” 


Tear 4 C 2 og REE. 


~ 


Tear 5 
Tear 4% 


Tear 21% 


o* oN 


Tear 13% 
Tear 14% 
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these defects, one was shrinkage, two were sand, and the remainder tears. In 
the case of radiography, the failure to record the defects was due largely to 
sectional difficulties in heavy sections of the rudder post and rudder casting. 

). Figures 1 and 2 illustrate extreme examples in the comparison between 
magnetic and radiographic methods of inspection, in which the effect of 
section has clearly affected the radiographic results. In Fig. 1, the tear occurs 
in the trough of a casting and penetrates at an oblique angle towards a heavy 
junction section existing on the opposite side of the casting. In this case, the 
heavy section makes the radiographic inspection difficult and the angularity 
of the tear makes it impossible to record. In Fig. 2, the tear occurs in a 
uniform section of moderate thickness and is recorded readily on the radio- 
graphic film. 


6. It appears that the difficulties encountered in radiographic inspection 


may be attributed to sectional irregularities. It also appears that there must be 
certain variables affecting the magnetic inspection results. As it is the stated 
purpose of this paper to evaluate these variables, they will be discussed indi- 


vidually. 


METHOD oF MAGNETIC INSPECTION 


7. There are numerous methods used in magnetic powder inspection of 
metals, and these generally may be divided into two groups: (1) Currents or 
fields are induced by solenoid or toroidal windings; (2) the specimen is mag- 
netized by direct contact with the current. 

8. No practical application of the methods utilizing induced fields has 
been found in the magnetic inspection of large castings, and this paper deals 
principally with two methods of inspection in. which the current is passed 
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directly through the casting. These are known as the prod method and the 
“all-over” method. Tables 1 to 4 include both methods and compare the 
results obtained with the radiographic tests and the size of the resulting 


excavation. 


Prod Method 


9. The prod method, in which contact is made at two points on the 
casting at a limited distance apart, and a current from 400 to 600 amperes 
passed between the contacts, is the best known and, therefore, the one most 
widely used. Its use has been encouraged by the fact that a welding machine or 
generator readily will furnish the required amount and type of current. 


“All-Over” Method 


10. The “all-over” method advocated in this paper resembles the prod 
method in that contacts are established and current passed through the cast- 
ing between the contacts. It differs only in that the contacts may be estab- 
lished at the extremeties of the casting, and, by using a higher current, the 
entire casting may be inspected within a few minutes. This advantage is 
apparent when it is realized that a casting with 100 sq. ft. of surface—a com- 
paratively small casting—would require approximately 350 contacts for a 
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satisfactory 100 per cent inspection by the prod method. Each of these points 
would have to be ground in order to insure good contact. The current for the 
“all-over” method may be supplied by a motor generator or transformer- 
rectifier of suitable capacity. 

11. Although a welding generator was used in some of the experiments 
conducted in conjunction with this paper, the principal source of direct cur- 
rent was the transformer-rectifier unit shown in Fig. 3. It is assumed that a 
motor-generator set delivering direct current would give essentially the same 
results with equal currents, providing it was designed for this use. Direct 
current from batteries is entirely satisfactory when used with the prod method, 
but it is believed that the “all-over” method would cause far too rapid a 


discharge. 
Application of Magnetic Powder 


12. The surface condition and size of large castings practically confines 
their inspection to the use of dry powder. The color of the powder depends 
largely on the color of the casting. All castings used in this investigation were 
steel gray in color, either unscaled or locally ground, and red powder was 
selected to furnish the maximum degree of contrast. 

13. Figures 4, 5 and 6 are illustrative of three methods for the application 
and recording of powder indications. They clearly demonstrate the wide 
range of results that may be obtained from the application of powder alone to 
the same defect. The generous application of powder by means of a small 
rubber bulb or duster, followed by a blow-off with the current on, was used 
consistently throughout this work. 


fic. 3~TRansrormer-Rectirier Connecteo To Strut Castinc. Tuts Unrr Has Conminvous Capacity 
or 2000 Amperes AND 4000 Amperes 3-Sec. Surce Capacity. 
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mi Types of Indications 


i 14. The castings inspected and listed in Tables 1 to 4 gave indications of 


‘ tears, sand, shrinkage, chaplets and burning scabs, but, in this paper, all 
ii ha indications other than tears or cracks will be disregarded with the general 
aif i. statement that the prod method is not as sensitive as the “all-over” method 
in indicating sand, shrinkage and burning scabs, particularly if they are ol 


subsurface type. 
15. In the case of tears or cracks, neither method was consistently superior 


to the other. This is shown in Table 5, in which all tears or cracks are listed 
in groups according to the method which gave the longest and strongest indr 
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Table 5 
LENGTH OF INDICATION vs. METHOD AND DeEptH oF INDICATION 


—Length of Indication— 

Radio- —Excavations— 

Best Defect All-Over, Prod, graphic, Depth, Length, 

Vethod Casting Number Inches Inches Inches Inches Inches 
4}|-Over Rudder post 1 11y% 9 6 3 17 
Rudder casting 2 4% 31% Not Visible 2 9 
Rudder box 1 20'% 20% 22% Through 30 
Rudder post 14% 14 11 3 17 

Rudder post 6% 6% Not Visible 2% 20 

Rudder post 4% 45% 2 1 10 

Rudder post 1% 1% Not Visible % 
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ation. Two facts are noted: (1) That the groups are equal, and (2) that the 
deepest and longest excavations are in the group best indicated by the “all- 


over” method. 
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16. Figures 7 to 10 give a comparison between the two methods in record. 
ing tears. The tear indication in Figs. 7 and 8 is somewhat stronger by the 
prod method, while those shown in Figs: 9 and 10 are somewhat stronger by 
the “all-over” method, especially in the case of the horizontal indication 
which, it is noted, was recorded at exactly 90° to the direction of the current 


VARIABLES IN MAGNETIC POWDER INSPECTION 


Field Strength 

17. Many variables exist in magnetic powder inspection, such as: Type 
amount and application of current; method of application and removal of 
powder; resistance of lead wires, contacts and casting; sectional thickness and 
shape; and many more. It is necessary that all these variables be known or 
that a suitable “yardstick” be available to indicate whether conditions are 
similar. Radiographic standards usually accomplish this, not by designating 
the source strength, type of film, etc., but by the use of a penetrameter. In 
magnetic inspection, the field strength at the point of test is the most impor- 
tant index of the uniformity of this test. 

18. In order to obtain the field strength, a magnetometer is required 
Unfortunately, at this writing, no practical, properly calibrated magnetometer 
could be obtained. Several uncalibrated instruments were available, which 
indicated the flux leakage field in relative units. The results presented in this 
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Fic. 9~Tears InpicaTep By “‘ALt-Over’” MetHop With Current Appiiep PaRrALLet To Verticat Tear. 


paper were obtained with one of these. Figure 11 illustrates this meter, which 
will show the direction of the field or current and the relative strength of the 
leakage field. Except for the facts that stray leakage fields will affect the 
meter and that it is not calibrated, this instrument would be satisfactory. 


Circuit Resistance 


19. Leakage field densities are affected by resistance within the circuit, 
which includes leads and contacts as well as the casting proper. The “all- 
over” method is the one least affected by these conditions, as larger or multiple 
conductors may be used, and the contact areas may be quite extensive. In the 
prod method, it is recommended that all contact points be ground as the con- 
tact area is confined and, therefore, critical. 

20. It is not possible to chart the effect of poor contacts, but it is safe to 
state that good contacts are of prime importance in maintaining constant flux 
densities. 

21. Figure 12 represents density losses due to the leads. By selecting leads 
of the proper type, these losses can be made practically negligible. 


Sectional Variations 


22. The cause of density losses within the casting proper is due not so 
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much to resistance of the steel itself as to the resistance developed through 
thickness and sectional variations. 

23. It will be remembered that in the case of the four castings listed jp 
Tables 1 to 4, the rudder support box casting (Table 2) gave very poor mag. 
netic inspection results, compared with radiographic inspection, while th 
opposite was true of the results on the rudder post casting (Table 4 

24. These castings and others were analyzed as to the direction of current 
flow and strength of field, as determined by the instrument previous) 
described and illustrated in Fig. 11. 

25. Figures 13 to 17 show sketches of these castings with the direction of 
current plotted by means of arrows and the relative strength of the leakag 
field indicated by numerals. 

26. This analysis illustrates the inability of the “all-over” method to indi- 
cate certain defects on the rudder box casting, as the current, in entering this 
large but thin-wall casting, encountered resistance due to the thin wall and 
rapidly fanned out so that the field strength was too weak to bring out the 
defects in those areas. This condition was corrected by revising the arrange- 
ment of the contacts. 

27. Two important fundamentals are indicated by these analyses: 
The field decreases in intensity as the resistance of the conductor increases or 
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Fic. 12—Denstry Losses Due to Leaps vs. Time oF Contact. 


as the thickness of the casting decreases, and (2) that the current will seek 
the path of least resistance or the path of heaviest metal. The effects of these 
fundamentals on magnetic powder inspection by the “all-over” method will 
depend on the type of casting. In general, it means that large, thin-wall cast- 
ings are difficult to magnetize by this method, and that unequal sections, such 
a streamlined arms, junction sections and the like, impart both a swirling 
action and a concentration of current which usually are desirable in magnetic 
inspection of this type of casting. One important item is the wide range of 
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leakage field densities, and it readily is seen that varying results could be 
obtained. As the location of the contacts will affect these intensities, it js prac- 
tically mandatory that a casting be anatyzed as to the field densities at critica] 
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hee, 


points before it is subjected to a magnetic powder inspection. 
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28. Figure 18 is included mainly to show that the leakage fields on the 
casting in Fig. 3 are more than sufficient to magnetically inspect this casting 
where the distance between the contacts or prods of the “all-over” method is 
approximately 25 ft. In cases of this type, where sectional conditions are ideal, 
the allowable distance between prods is practically unlimited. 
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29. The fundamentals noted in the “all-over” method apply also to the 
prod method, but as the contact spacing is shorter their effect is not as 
apparent. 
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Figure 19 illustrates the effect of thickness on the prod method. The 
horizontal zero line represents the steel casting from which leakage density 
readings were obtained, both on the prod side and on the opposite side. 
Several facts are noted: (1) The penetration of the current approaches the 
center-line of the section with increasing prod spacing, but never reaches it 
within reasonable spacings; (2) with the prods at normal spacings it is 
apparent that the current does not penetrate appreciably beyond the surface 
f the steel and, therefore, can not be expected to indicate defects to any 
depth; and (3) heavier sections of steel in general allow greater conductivity 
and, therefore, higher densities, but with less penetration in proportion to the 
section. 

Figure 20 indicates the same type of curves in which the effect of the 

age of the welding generator was compared with that of the lower 

voltage of the transformer-rectifier. A higher amperage was supplied by the 

welding generator, which separates the curves. But for this, the curves are 

identical except for a slight change in slope indicative of a better ability to 
hold higher densities with higher voltages at the shorter prod spacings. 

32. The “all-over” method produces a curve similar to that in Figs. 19 

and 20 in the vicinity of the contacts. However, due to the long contact 


spacing, the readings over most of the casting are identical on opposite sides. 


This shows maximum penetration to the center-line of the section and allows 
the indication of defects which are comparatively deep-seated. 
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33. Placing the individual contacts on opposite sides of the casting will 
assist the current in penetrating, but this usually is difficult to do by the prod 
method on large castings. 

34. The curve of leakage field densities may be followed in Fig. 21, in 
which the prods were spaced 24-in. apart and leakage readings obtained at 2- 
in. intervals. Two thicknesses of steel were used. Again, it is noted that better 
fields exist on heavier castings. Higher voltage has the same general effect in 
curves of this type as in that shown in Fig. 20. 


Current Strength 


35. Affecting the penetration, as well as the detectability of defects, is the 
current strength. With increasing amperages, the current will impart stronger 
fields, allowing the indicating of an increasing number of defects. 

36. Table 6 indicates the effect of increasing current on the location of 
defects by the “all-over” method. None of these defects were visible on the 
surface and none could be revealed by residual magnetism. 

37. Although sufficient current was lacking to prove the point, it is 
reasonable to assume that, in castings of this type, the detectability of defects 
would increase up to the magnetic saturation point. 


Indication vs. Size Defect 


38. The length rather than the width of the magnetic indication was used 
in Table 5, due to the difficulty of measuring the latter. This length, as deter- 
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Table 6 


INDICATIONS vs. CURRENT DENSITY 
Amperage 

700 1100 1400 1800 Residual 
Type to to to to Total Magnetism 
800 1200 1500 1900 Indications Indications 








Casting 


Intermediate Strut : l l 0 7 None 
Intermediate Strut 4 2 : 27 None 
Main Strut 6 2 None 


Main Strut 2 2 None 
Rudder Post : 8 2 None 
Rudder Hub ] 0 None 
Rudder Hub ] 1 None 

Total 7 as 9 None 


mined by the prod method, was plotted in Figs. 22 and 23 against the depth 
and length of the excavation. The prod method was used, as the current 
could be applied uniformly parallel to the indication. 

39. Figures 22 and 23 indicate that the size of the defect can not be 
accurately estimated from the size of the indication. However, a rough esti- 
mation can be made that is far more accurate than that which can be made 
on tears or cracks from a radiographic film, as shown by the inconsistencies 
in the sixth column in Table 5. It may be estimated that the depth of the 
excavation required will be, roughly, one quarter of the length of the indi- 
cation, and twice as long. This depends on the care with which the excava- 
tion is made and the original depth of the defect below the surface. 


Indication vs. Depth Below Surface 


40. There seems to be no correlation between the depth below the surface 
of the defect and the size or method of obtaining the indication, except in 
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LENGTH OF MAGNETIC POWDER INDICATION 


Fic. 22—Deptu oF Excavation vs. LencTH oF Macnetic Powper InpIcaTion. 


cases where the defect is a considerable distance below the surface of the cast- 
ing. In such cases, the prod method will not develop the indication that is 
shown by the “all-over” method, indicating that the depth of the defect is 
beyond the scope of the prod method. However, as most tears and cracks in 
steel castings are within '4-in. from the surface and are recorded by both 
methods, this means of estimating the distance below the surface is not of 
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great value. 
41. It is quite possible that, if a better means of determining this depth 
had been used, some correlation might have been found. In all instances, the 
measurements were obtained roughly by chipping and measuring the depth of 
the gouge to the first appearance of the defect. 
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42. As the leakage field density at the point of test and its direction 
appeared to be the determining factors in the location of defects, one casting 
was selected and these variables were carefully recorded for both the “all- 
over” and the prod method of inspection. The results are compared with the 
depth below the surface of the defect and the final depth of excavation. 

43. Table 7 tabulates the results of this experiment. In each case, in the 
“all-over” method, if the included angle between the direction of the defect 
and the direction of the current exceeded zero degrees, as recorded, the prod 
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method was applied at both the angle of the “all-over” method and at zero 
degrees. Where measurements of the length of the indication were identical, 
hut where the visibility of the indication was variable, the measurement is 
further clarified as being “light” or “heavy.” Only indications of tears or 


cracks are tabulated. 

44. Results from Table 7 were compiled in Table 8 to show the number 
of indications recorded in the “all-over” method at the various current angles, 
compared with the prod method with the current applied in a similar direc- 
tion and with an identical leakage field density. It is noted that the’ prod 
method failed to show five indications at the angle of test. Three of these 
were recorded at relative densities of less than 200 units and at angles greater 
than 30°. As previously mentioned, our magnetometer reads in arbitrary units. 
One indication had been recorded at 210 units density at 30°, but this, as well 
s the three above, were satisfactorily recorded by the prod method at zero 
degrees. The last indication, which had been reported at 325 units, was not 
recorded by the prod method at zero degrees at any field density. As this 
defect was 3g-in. below the surface by actual measurement, it is probably a 
good example of the poor penetration of the prod method previously illustrated 


in Figs. 19, 20 and 21. 


45. From these data, it may be stated that the prod method will definitely 
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Table 7 


ComPaRISON OF ALL-OverR AND Prop METHODS OF MacNetic Testinc— 


MaIn Strut CASTING 





-All-Over Method ——~ ———Prod Method— 
Length of Length of 
Defect Field Angle, Indication, Field Angle, Indication, 
Number Amperage Density deg inches Density deg. inches 
l 750 160 45 2% 160 45 None 
0 2, 
2 150 75 l 150 75 None 
0 1% 
3 150 30 V4 130 0 30 Vy 
0 1 
+ 150 45 2 150 45 2 
0 4 
2 100 to 175) (Oto 30) 17 150 30 17 Light 
17 Heavy 
6 100 15 1% 100 15 1% Light 
0 1% Light 
7 85 15 2 85 15 2% Light 
0 2% Light 
8 115 15 8 115 15 8 Light 
0 8 
9 120 15 2 120 15 2 Light 
0 2 
10 90 0 2% 90 0 2% 
11 90 0 W% 90 0 % 
12 90 45 1% 90 45 None 
0 % Light 
13 100 15 3 100 15 3 Light 
0 3 Light 
14 90 0 1, 90 0 1% Light 
15 90 60 6 90 =«6—60 6 Light 
0 6 
16 150 0 6 150 0 6 
17 200 0 A 200 0 VY 
18 1400 210 30 V% 216 ~=«30 None 
0 4% 
19 165 15 ¥ 165 ‘5 ¥e Light 
0 Ye 
20 1700 None 
21 Surge 325 0 6 325 0 None 


mend Defe ct ——__ 


Below Total Depth 


Surface, Excavation, 

inches inches 
If 13x3x? 
ly 10Y%x2x1% 
I, 8x1x% 
We 11x3x2 


8 29x4xThrough 


Ye 10x2x1 

Ye 7x1 x! 

¥g 10x2¥ox"/, 
3/16 


3/16 10x2x1 
3/16 
ly 
% | 
| 
3/16 18x2x1 


23x5¥ox3 


ie 
% 10x2x1 
| 


w/t) 


j 


23x5Yox3 


| 10x2x1 
Ye 


indicate readily detectable defects within 30° of the direction of the prods, 
but that with defects requiring greater densities for indication the angle 
decreases until a point is reached when the prod method will not record the 


defect, even at zero degrees. 
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Table 8 


LEAKAGE FieLD IN MAGNETIC TESTING OF MAIN Strut CasTING— 
INDICATIONS Vs. DENSITY 








Flux Density Current Angle, deg. Indications, 
45 Total 

All-Over Method 
115 
145 
14! 175 
175 205 
905 235 
235 265 
265 295 
295 325 

Total 


Nr OCC & WO 


Prod Method 
5 115 
145 
175 
205 
235 
265 
295 
325 
Total 


0 
0 
0 
0 
17 
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4. A comparison of the “all-over” method at the angle applied with 
the prod method at zero degrees indicates the following: 
(a) Nine indications were equal by both methods. 
(b) Six indications were better by the “all-over” method, recorded 
mostly at angles of 15° or less. 
(c) Five indications were better by the prod method, all of which 
were recorded in the “all-over” method at angles greater 
than 15°. 


‘7. In this experiment, the size of the excavation, compared with the 
length of the indication, falls roughly into the areas indicated in Figs. 22 and 
3, but in general the correlation is poor. Likewise, leakage field densities 
did not reveal any trends for determining the size of defects. 


SUMMARY OF MAGNETIZING VARIABLES 


#8. This paper has reviewed the problems involved in the magnetic inspec- 
tion of large castings. They may be listed as follows: | 

(a) Conductivity of the casting increases or decreases directly with 

the sectional thickness, resulting in higher field densities with 
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less proportional penetration in heavy sections for the sang 
current and contact spacing. 

b) Heavy sections will deflect the existing fields from the thinne 
sections as the distance between the contacts and the differeng, 
in thickness between the sections increase. 

c) The deeper the current penetration the more defects wil] be 
indicated for the same amount of current. 

d) Penetration of current increases with the distance between 

the contacts. 

No indications of defects in the vicinity of the center-line of 

the current, whether or not this coincides with the center-line of 

the section, may be recorded, as the flux field is zero at this point. 

f) Increasing flux densities results in an increasing number of 
indications found up to the magnetic saturation point in castings 
of this type. 

(g) With increasing included angle between direction of defect 
and direction of current, the sensitivity of the test decreases. 

h) The deeper the defect below the surface the more indistinct 
the indication and, therefore, the more difficult its proper ident 
fication as to type. 

i) Only a rough estimation can be made of the size of the defect 
from the size of the indication. 


=~ 


49. The advantage to the foundry of the “all-over” method should be 
reviewed. These advantages are: (1) Saving of time and labor in the prepa- 
ration of the casting and the application of the test. It has been estimated that 
one man can examine ten times more castings than can two men with the 
prod method; (2) the greater penetration of the current will record deeper- 
seated defects; and (3) the greater penetration of current reduces the effect 
of angle of current to angle of defect, thus increasing the sensitivity of the 
test. 

STANDARDS 


50. There are possibly three types of acceptable standards that might be 
written; namely, (1) standards in which all variables are recognized and 
specified, (2) pictorial standards, and (3) standards using a common index to 
prove the method of inspection. 

51. The standards in which all variables are specified would be more or 
less endless, as the full number of variables and their effects are not known at] 
this time. Any incomplete standard of this type would be open for misinterpret: 
tation and, therefore, would be highly unsatisfactory. 

54. Pictorial standards are likewise subject to the effect of the variable 
already mentioned, and they introduce additional variables involved in phote- 
graphic reproduction. 

53. A common index or “yardstick” is practically mandatory in the estab- 
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lishment of mutual satisfactory standards, but this requires the use of a meter 
not yet available. When such a meter becomes available it will be possible for 
the engineer to specify that certain highly stressed areas are to be subjected 
to magnetic powder inspection, and that all defects indicated by flux densities 
between certain predetermined limits be removed and repaired. This may 
be further modified by specifying certain types of defects or defects lying 
outside a predetermined angle with the line of principal stress. The engineer 
should avoid 100 per cent inspection, as this is seldom necessary and would 
unnecessarily increase the cost of the casting. However, he might specify that 
areas outside the previously specified highly stressed areas be subjected to 
inspection at much lower densities, with the object of removing only gross 
defects. 

54. This investigation has resulted in the collection of a considerable 
amount of data which, it is hoped, will be of assistance to others in develop- 
ing the field of magnetic powder inspection of large castings. After a meter 
has been developed, the principal parts of this investigation should be repeated 
and verified under laboratory conditions. The data submitted herewith are 
necessarily crude, but as the purpose has been to present the problems 
involved, it is felt that this objective has been accomplished. 
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DISCUSSION 


Presiding: C. W. Briccs, Steel Founders’ Society of America, Cleveland, Ohio. 

C. E. Betz’ (written discussion): The author, in this paper, has made an attempt to 
solve a problem which has long resisted efforts directed toward a comprehensive soly. 
tion, namely, the analysis of field distribution inside a complex metal part with a view 
toward standardizing the procedure and the interpretation of results in applying magnetic 
particle inspection. 

He is to be highly commended for the great amount of work obviously involved in the 
preparation of the paper, which should serve as a basis for much future discussion. The 
subject is of interest to all who are concerned with this inspection method, and such 
interest is not confined to the castings field. 

In the time since this paper came to our attention, it has not been possible adequately 
to study the considerable amount of data presented, and a careful and complete discus. 
sion of these observations and the conclusions drawn from them will require time to 
prepare and, it is hoped, may be presented at some future time. 

While we feel that the aim of the author in conducting this investigation is excellent 
and the data presented are extremely interesting, we wish to take issue with him over 
some of the conclusions drawn and to give briefly some ideas which we believe ar 
pertinent to the discussion. 

The conclusion that the prod method is not as senstitive as the all-over method, 
although apparently indicated by the data submitted, is not consistent and should bk 
very critically examined before being accepted as generally true. 

Prod sensitivity is known to be a function of spacing, current, and thickness of section 
and, while the superiority of one method or the other may be experimentally established 
in certain castings, it is not safe to infer that the same may be true for widely differing 
sizes and shapes. 

In presenting comparisons of results of the prod and the all-over methods, as in Table 
7, some information vital to a full understanding of the data is omitted. Field density, 
which is given in terms of readings on the meter described in the paper, is the same for 
all-over and prod methods for each defect listed, and one infers that the actual current 
in amperes was the same for both. However, prod spacing is not given and, if this was 
varied to produce identical field readings at constant current, certainly the effect of prod 
spacing cannot be ignored because it also affects sensitivity. 

The evident effort, therefore, to orient prod contacts most favorably for each indica 
tion is not a sufficient precaution to obtain fair comparisons. 

The all-over method is suggested as the preferred method for large castings but, 
although in specific cases this preference unquestionably is justified, there is again 
danger in too ready a generalization. 

For example, the all-over method, as all other methods of magnetization, can not 
effectively give indications of defects which lie parallel to the field direction, whatever 
this may be. Furthermore, in complex sections it can be demonstrated that adequate 
current can not flow through certain sections and, therefore, local contacts (prod method) 
or cable wrapping must be used. The method of threading cable through holes or open: 
ings in the casting (central conductor or toroidal wrapping) can not, in our opinion, 
be generally discarded, as it may in some cases be the only satisfactory method of 
magnetizing. 

With reference to the plots of field density, using the meter as a measuring instrumeat, 


1 Magnaflux Corp., New York. 
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we feel that the author has placed too much reliance on these readings, in spite of his 
acknowledgment that the instrument is not altogether satisfactory. 

While magnetizing current is flowing, the external field due to this magnetizing cur- 
rent is what is being indicated, and only with acceptable accuracy (because of the 
nature and construction of the instrument) when the readings are relatively low and 
when the magnetic elements of the mechanism can be very close to the surface of the 
part. We feel that readings of this type are qualitative indications of direction and 
intensity, but can not be depended upon as quantitative. 

And it must be further recognized that such external fields are not at all a measure 
of the actual field inside the metal since, under a given magnetizing force, the field 
developed inside a ferromagnetic part depends upon the permeability of the entire 
magnetic circuit involved. 

We also believe it can be demonstrated that, given a non-symetrical or non-uniform 
cross section Carrying current, if the current actually is distributed over the section strictly 
in proportion to area, the actual field at the surface will not be proportional to the 
current carried by that section. The thick sections will carry more total current, but the 
surface of such sections will be farther from the center of that current path. 

Considerations other than area or thickness may possibly distort current flow ; such as 
variations in internal conductivity due to lack of homogeneity of the metal, or actual 
internal discontinuities, and these influences would be difficult to predict or allow for. 

In paragraph 31 and elsewhere, reference is made to the effect of varying voltage. 
Magnetizing force is a function of current, and voltage has no effect except as it causes 
higher or lower currents to flow. This is undoubtedly the explanation of the different 
curves obtained from welding generators and rectifiers in Fig. 20. 

In Table 7, and also in the caption under Fig. 3, the word “‘surge”’ is used, but is not 
explained. There is nothing to indicate that this term is used in the sense in which it 
has been applied to magnetic particle inspection in other fields, particularly weld inspec- 
tion. “Surge” in this latter sense refers to a momentary high current allowed to pass 
through the magnetizing circuit with an immediate reduction, without interrupting the 
circuit, to a lower steady value. This system definitely increases the sensitivity of the 
prod method, for instance, for a predetermined steady current value, because the mate- 
nal is then magnetized at a higher level due to the nature of the hysteresis curve. If 
by surge is meant merely the momentary application of a high current, the term has, of 
course, an entirely different significance. 

Except as previously discussed, we agree for the most part with the summarized 
conclusions. However, we feel that until a more dependable means of measuring 
internal fields is available, it would be much better to rely on specifying a method of 
magnetizing and technique of producing indications than on a specification of flux 
density in any attempt to set standards for applying magnetic particle inspection in 
any field. 

J. F. Corron (answer to Mr. Betz’ written discussion): I wish to thank Mr. Betz 
lor the ideas he has submitted for discussion in regard to this subject. In my com- 
ments, it might be well to mention that most of the data accumulated in this paper 
were obtained originally to prove the all-over method of inspection in comparison with 
4 specified standard prod method using an 8-in. span and 400 amperes of current. 

From actual experience, we have found that it is virtually impossible to inspect any 
appreciable number of large castings by the prod method due to the time consumed. 
For this reason, I am adverse to specifying the method of magnetizing as advocated 
by Mr. Betz. , 

Due to the possible range of sensitivity of both methods of test, it was not intended 
that the conclusion be drawn that the prod method is not as sensitive as the all-over 
method. However, it is true that the all-over method has a decided advantage in its 
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penetration which the prod method cannot obtain due to the shorter spacing and 
reduced current. This advantage may not be of any value under certain condition; 
but in large castings it usually allows greater sensitivity. 

Prod sensitivity is known to be a function of spacing, current, and thickness oj 
section as well as of other variables, among which is an important item of personne! 
fatigue. All of these variables also affect the all-over method, so that under varying 
conditions one method or the other may be the better. 7 

The field density noted in Table 7 was controlled in the prod method by varying 
the prod spacing to obtain identical densities with the all-over method. It is realized 
that the sensitivity of the prod method was reduced in so doing, but this has beep 
taken into account in Table 8. As the flux density increases the spacings are decreased. 
so that at the higher densities the prod method should be at its highest efficienc, 
Incidentally, this is not true, as with decreasing prod spacings and increasing densities 
the penetration also becomes less (Figure 19), and in addition it becomes increasing); 
necessary that the direction of current coincide with the direction of the defect 
Comparisons in Tables 1 to 4, inclusive, are with a standard prod spacing of 8 in. and 
a current of 400 amperes. 

It is true that the all-over method, as well as other methods of magnetization, can 
not effectively give indications of defects which lie parallel to the field direction, but 
it is also true that, with the large spacings and deeper penetrations of the all-over 
method, the importance of the field direction decreases. In fact, Fig. 9 shows one 
instance where in a very heavy section a sizeable tear was indicated exactly parallel to 
the field direction. 

It is admitted that in complex and thin sections sufficient current will not flow, and 
it is, therefore, necessary to adjust the all-over method either by changing the location 
or by increasing the number of contacts. This is noted in paragraph 26 of the paper 
Fig. 24 shows that by rearrangement of the contacts on the rudder box casting, suitable 
densities were obtained for inspection. 

Windings, either central or toroidal, have not been satisfactory on large castings unless 
the section is uniform, which is seldom true. Poor surface conditions are also contribu- 
tory to the poor results obtained. 

It is a fact that the readings obtained with the meter are entirely qualitative or 
relative, as expressed several places in the paper, and the results should be considered 
as such. However, recent invstigations with a new instrument recently placed on the 
market seem to verify most of the data obtained. 

In as much as the surface is the point in which we are interested in this type of 
inspection, it is felt that meter readings at that point should be satisfactory, although 
internal conditions and thickness of sections will effect those readings. 

As expressed by Mr. Betz, the increased voltage of the welding generator probably 
results ia increased current flow, with resulting maintenance of field densities. 

The term “surge” is used in the accepted manner as applied to magnetic particle 
inspection in that a momentary high current is used without interrupting the circutt 
from and to a lower constant current. 

I do not believe in the present method of specifying magnetic particle inspection on 
large castings, and it is hoped that this paper will stimulate sufficient interest to develop 
a means of using flux density in the future. 

L. W. Batu*: As to the surface preparation of the castings. Many of the magnetic 
indications illustrated in this paper are quite similar to mold marks or other surface 
conditions. In submitting these castings to magnetic inspection, do you have a very 
smooth surface? Do you subject them to sand blasting or other preparation? 


2 Triplett & Barton, Burbank, Calif. 
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Mr. Cotron: There is no special preparation on any of these castings. All castings 
were prepared by burning, chipping and rough grinding, as required, and indications 
were found on all of these types of surfaces, including the original sand surface. Better 
surface preparation will improve the sensitivity of any method of magnetic particle 
inspection, but it must be borne in mind that the defects with which we are concerned 
in large castings are of a relatively large size and, therefore, do not require the surface 
preparation necessary in the inspection of forged products and the like. 








Effect of a High Antimony Content in the Tin Used in 
Making Bronze Alloys* 


By CuHartes A. REICHELDERFER, BRucCE W. GoNSER AND J. M. Biatock**. 


CoL_uMBus, OHIO 


Abstract 


To determine the effect of antimony in low grades of tin on the 
physical properties of bronze alloys, a number of heats of 88 Cu— 
10 Sn—2 Zn, 88 Cu—8 Sn—4 Zn, and 80 Cu—I10 Sn—10 Pb were 
made from electrolytic or Lake copper, 99.99 per cent zinc, Chempur 
in, Texas One-Star and Two-Star tin, and antimony. Later, selected 
secondary alloys of suitable compositions were used as a base to which 
the lower grades of Texas tin were added to give the required final 
composition. The small amount of antimony contained in the least 
pure Texas tin (1.12 per cent) had no deleterious effect on the prop- 
erties of the three alioys under the conditions of these tests. Additional 
amounts of antimony, up to a total of 1.5 per cent, also did not influ- 
ence the mechanical properties or microstructure. Averages of mechan- 
ical properties were well above A.S.T.M. and government specifica- 
tions in all cases. A small decrease in elongation between additions of 
0.1 and 0.5 per cent antimony was noted with the 88-8-4 alloy, but 
even with 0.5 per cent antimony, the elongation was 33 per cent, t.e., 
65 per cent above the standard specification. The tests made did not 
include pressure tests on castings, but the soundness of microstructure 
indicates probable pressure tightness. Tensile tests at elevated temper- 
atures (to 800° F.) were made with up to 0.3 per cent antimony on 
the 88-10-2 and 88-8-4 alloys. No appreciable difference could be 
detected between the yield strengths, ultimate strengths, and duc- 
tilities of the alloys containing 0.15 and 0.3 per cent antimony. Com- 
pared with antimony-free bronzes, seldom attained practically, some 
loss in elongation was found at 200° F. It is concluded that lower grade 
tin, containing less than 1.5 per cent antimony (such as Texas Tin 
Smelter Alloy Metal) can be used in bronze alloys without harmful 
influence on the physical properties. 


INTRODUCTION 


1. Antimony has long been considered to be deleterious to tin bronzes, but 
little has been done to determine under controlled conditions the actual effect 





*This research was done under a contract financed by the War Production Board under Ww vi 
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of antimony. The limit on antimony given in many government and A.S.T.M. 
specifications (0.1 per cent and 0.25 per cent) has been set on the basis of so- 


called experience in most cases rather than on scientific fact. R. T. Rolfe’ as 
early as 1920 produced data showing that antimony in amounts up to 0.75 
per cent had little or no effect on the properties of sand- and chill-cast gun- 
metal (88 Cu-10 Sn-2 Zn) and that over 1.0 per cent antimony had to be 
present before values fell below British specifications. He advocated placing 
the maximum at 0.75 per cent. 

2. Previous to World War II, a 0.1 per cent maximum limit on antimony 
could be easily met by using high-grade virgin tin, available in abundance, but 
this specification has become more difficult to meet since tin has been on the 
critical list and lower grade material has been introduced. In the interest of 
conservation, it would be desirable to use the less pure tin such as the second 
grades produced by the Texas Smelter wherever possible without deleterious 
effect on the product, and to save the higher quality for more critical appli- 
cations. 

3. The lowest grade of tin produced by the Texas Smelter at the time of 
this investigation contained about 1.5 per cent antimony (Table 1). If this 
tin were used in bronzes in amounts up to 10 per cent (the highest amount in 
these alloys), the antimony content of the alloy still would be only 0.15 per 


cent or far under the maximum suggested by Rolfe. 


EXPERIMENTAL WorkK 


4. To determine experimentally the effect of antimony on the physical and 
mechanical properties of these three alloys, heats of 88 Cu-10 Sn-2 Zn, 88 Cu- 
8 Sn-4 Zn, and 80 Cu-10 Sn-10 Pb were made from virgin metals, using Lake 
or electrolytic copper, electrolytic zinc of 99.99 per cent purity, Chempur tin, 
and Texas One-Star and Two-Star tin. Also, some heats were prepared with 
extra antimony to ascertain the maximum amount of antimony that could be 
present without serious decrease in properties. 

3. Alloys were prepared using Chempur tin in order to have antimony-free 
alloys cast under standard conditions to use for comparison. 


6. After work with virgin metals was completed, alloys of the same compo- 
‘ition were made by adding the lower grade of Texas tin and the necessary 
unc to a secondary base alloy to adjust the composition. The secondary metals, 
the analyses of which are given in Table 2, were obtained from a commercial 
smelter and were considered to be representative of the secondary metals used 
in preparing such bronze alloys. Thus, the impurities met in commercial 
practice were introduced into these tests and the results obtained should apply 
in industrial operations. 


‘The Effect of Increasing Proportions of Antimony and of Arsenic Respectively, Upon the Properties 
*j Admiralty Gun Metal, Journal, The Institute of Metals, vol. 24, no. 2, p. 233 (1920). 
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Table 1 


ANALYSES OF BRANDS OF TEXAS TIN USED IN THIS INVESTIGATION* 


Straits Tin** Three-Star Tin, Two-StarTin, One-Star Tin 

Per Cent Elements Per Cent Per Cent Per Cent . 
99.907 Sn 99.887 99.018 98.705 

0.003 Sb 0.035 0.571 1.12 
0.035 As 0.0315 0.059 0.048 
0.024 Pb 0.014 0.287 0.097 
0.009 Bi 0.001 0.008 0.003 
0.003 Cu 0.021 0.030 0.016 
0.008 Fe 0.0027 0.013 0.001 
Ag 0.00056 0.008 0.002 
dinith- a2 Cd Trace Trace Trace 
0.003 Ni+Co 0.0037 0.003 0.005 
0.008 S 0.0035 0.003 0.003 
Table 2 


ANALYSIS OF SECONDARY METAL USED FoR MAKING ALLoys 


93Cu-3Sn-4Zn, 75Cu-5Sn-20Pb, 
Element Per Cent Per Cent 
Cu 92.77 73.91 
Sn 3.35 4.62 
Pb 0.19 20.00 
Fe 0.10 0.01 
Sb 0.01 0.26 
Ni Trace 0.61 
P 0.015 0.015 
S ae 0.09 
Zn (difference ) 3.565 0.485 


Melting and Casting 


7. All of the heats were melted in clay-graphite crucibles in a gas-fired pit 
furnace. Although no attempt was made to analyze combustion gases, the 
flame was kept slightly oxidizing at all times, as judged by appearance. 

8. Heats weighing 50 to 75 lb. were melted under borax and bottle glass 
slags. Copper and/or scrap from previous heats was melted first and the 
necessary amount of tin and zinc was added to adjust the composition to 
specifications. The melt was then superheated slightly, stirred thoroughly, and 
removed from the furnace. The slag was skimmed off and the metal wa 
deoxidized with 0.05 per cent of phosphorus in the form of 15 per cent 
phosphorous-copper alloy. Since most foundries buy metal in the form of 
alloy ingot, these heats were cast into pig molds in order more nearly to 
duplicate commercial practice. In a further effort to approximate “ommercial 


*The terminology now used in designating Texas tin has been changed, the tin designated in ths 
report as One-Star tin being the equivalent of what is now called alloy metal 


**This well-known prewar brand analysis is included for general comparison. 
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practice, scrap metal from previous heats of like composition was liberally used. 
9. Molds: Tensile bar specimens were cast in Crown type molds recom- 

mended by the A.S.T.M. for tin-bronze alloys, and required in government 
specifications. These molds were made of Sandusky sand with core sand 
nserts. The moisture, green strength, and permeability of this green sand 
varied slightly from day to day, but were always within the following range as 
determined on standard Dietert foundry sand contro] equipment: 

Moisture, per cent, 4.5 to 6.5 

Green Strength, psi, 7 to 10 

Permeability 20 to 30 


i). Specimens for compression tests were cast in open-top green sand molds 
n sticks of about 14% in. in diameter and 5 in. high. 

Casting: Ingots and scrap from previous heats were remelted in heats 

f 25, 50 and 75 Ib. without slag cover. This required from 20 to 45 min. 
melting time, depending on the size of the heat. After slight superheating, 
the metal was removed from the furnace, antimony additions were made, 
and the melts were deoxidized with 0.01 to 0.02 per cent of phosphorous. 
After all dross and slag had been removed and the temperature of the metal 
was between 1160 and 1180°C., the heats were cast. Temperatures were 
measured with a Chromel-Alumel thermocouple enclosed in a graphite pro- 
tecting tube. 

12. Cleaning and Identifying Castings: All castings were allowed to cool 
in the molds nearly to room temperature before being shaken out. Castings 
were then sand blasted and each one was stamped with an identifying heat 
number whether it was cast individually from a 25-lb. heat or with one or two 
others from a 50- to 75-lb. heat. In cases where scrap from a heat was 
remelted and no additions but deoxidizers were added, the casting was marked 
with the original heat number with a letter “A” suffixed. Thus, two tensile 
bars were obtained for each heat number. 

13. Tensile bars, impact specimens, and compression samples were 
machined to standard specifications. 


Chemical Analysis 


14. Samples for chemical analysis were drilled from broken tensile bars. 
When heats were remelted, analysis was not made of the original heat but only 
of the “A” or remelt heat. Also, only one analysis is given if two or three 
castings were poured from the same crucible of metal. 


Physical and Mechanical Properties 


15. Tensile Properties at Room Temperature: Standard 0.505-in. tensile 
bars were machined from tensile bar castings and tested on a 20,000-lb. 
Baldwin-Southwark hydraulic testing machine equipped with an automatic 
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stress-strain recorder. Crosshead speed was maintained at 0.02 in. per min 
up to 0.5 per cent deformation under load, after which the speed was increased 
to 0.05 in. per min. up to the breaking point. Yield strengths at 0.5 per cent 
elongation under load were calculated from the stress-strain curves. 

16. Results of tensile tests at room temperature are shown in Figs. | to 4 
inc., and Fig. 7. The properties are plotted against the antimony content 
Each point on the graphs for virgin metals represents the average of from 
four to ten individual specimens. The average of results from four specimen; 
was used to locate each point on the graphs for secondary metals. Although 
all of these test bars were cast from small heats, which always present more 
of a melting problem than large-size commercial heats, the tensile properties 
of the three types of alloys were not deleteriously affected, even by 0.5 per 
cent antimony, and results are well above specifications. 

17. Tensile Properties at Elevated Temperatures: It has been claimed at 
various times that small amounts of antimony adversely affect the properties 
of tin bronzes at elevated temperatures. To investigate this, alloys of 88 Cu- 
10 Sn-2 Zn and 88 Cu-8 Sn-4 Zn were tested in tension at 200, 500 and 
800° F. The testing machine previously described, equipped with an auxilian 
furnace, was used in making the elevated temperature test. 

18. The temperature of the bars was measured by three Chromel-Alume! 
thermocouples, two inserted into holes drilled into the ends of the specimens, 
and the third attached to the center. The furnace was so adjusted (ona 
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blank) that all three thermocouples gave readings within plus or minus 10° F 
of the desired temperature. 

19. Stress-strain curves were determined for the 200 and 500° F. tests, 
but curves were not made for the 800° F. test because the low elongation and 
breaking stress at this temperature would have endangered the extensometer. 

20. Each point plotted in Figs. 5 and 6 represents the average of two 
specimens. The elongation at 200° F. exhibits some irregularity, but all the 
other data are uniform and show quite definitely that antimony up to 0.3 per 
cent has a negligible effect on the tensile properties of 88-10-2 and 88-8-4 
alloys at elevated temperatures. 

21. Compression Tests on 80-10-10 Alloy: Since this alloy is used mainly 
for bearings, samples were tested in compression as well as in tension. Cylin- 
drical specimens, 1.129 in. in diameter by one in. high (one sq. in. area), 
machined from the sticks described under melting and casting, were tested in 
the hydraulic testing machine, mentioned previously, according to A.S.T.M. 
specifications for compression tests. The rate of loading was kept under the 
maximum rate allowed (0.05 in. per min.). Strain was measured by an 
Ames dial, calibrated in ten-thousandths of an in., attached between the 
upper and lower crossheads. Simultaneous readings of this gage and the load 
gave data for plotting stress-strain curves from which the deformation limits 


were determined. 
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22. Results of compressive tests on these alloys are given in Fig, g 
Although the resistance to deformation was increased slightly by the addition 
of antimony, it is obvious that antimony in amounts up to 0.5 per cent had 
no deleterious effects on the 80-10-10 alloy. 

23. Hardness: Since microscopic examination proved that the bottom 
portions of the tensile bar risers were sound, samples from the risers were used 
for Brinell hardness tests using a 10-mm. ball penetrator and a 500-kg. load 
applied for 30 sec. Results are shown in Figs. 9 and 10. Again, antimony in 
amounts up to 0.5 per cent had a negligible effect except in the case of the 
80-10-10 alloy where the hardness increased, and here it should be noted 
that the tensile strength and elongation were unaffected. 

24. Impact Resistances: V-notch Charpy impact specimens, 0.394 in. sq, 
were machined from the bottoms of risers. Four specimens for each heat 
tested were broken in an Amsler direct-reading impact testing machine with 
an anvil spacing of 40 mm. The hammer was set to yield 81 ft.-lb. of energy. 

25. The results of these tests are shown in Figs. 9 and 10. Specimens 
containing antimony in amounts up to 0.5 per cent had a spread of impact 
resistance no greater than was obtained by testing several samples of the same 
composition, but different casting lots. 
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Metallographic Examination 


26. R. T. Rolfe’ stated that no differences in microstructure could be 
correlated with variation in antimony up to 0.75 per cent. The present work 
confirms his findings. No increases in porosity, delta formation, or segregation 
and coring were found with increasing amounts of antimony up to 0.5 per 
cent. However, large amounts of antimony, i.e., 5 per cent or more, do 
increase the amount of delta. Figures 11 to 14 show the microstructures of 
88-10-2 and 88-8-4 alloys without antimony and with 0.5 per cent antimony. 
Although these samples have some interdendritic porosity, the mechanical 
properties have not been seriously affected. 

27. Figures 15 and 16 are photomicrographs of the 80-10-10 alloys. Addi- 
tional antimony has had no effect on the microstructure. In these fields the 


black areas. representing lead, are somewhat finer in the alloy containing 


v.9 per cent antimony. 
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PRACTICAL ASPECTS 
Specifications 


28. The recent trend in the drawing of specifications has been toward 
higher tolerances for impurities such as iron and antimony. At a recent 
meeting (December 9, 1943) of the Non-Ferrous Committee of the S.A.E. jt 
was tentatively agreed to change specifications for 80 Cu-10 Sn-10 Pb alloy 
to permit 0.5 per cent antimony. However, on the objection of one producer 
of rolled bearings, a footnote was added to limit the antimony to 0.25 per 
cent for rolled bearings. This work gave no indication that such a limitation 
was necessary but, in any event, bearings that are rolled represent a ven 
small percentage of the total tonnage of this alloy. 

29. It also has been reported that the A.S.T.M. has revised its emergency 
specification for the 80 Cu-10 Sn-10 Pb alloy to permit 0.55 per cent antimon 
All these steps are in the right direction, but many bronzes are still unchanged 


CONCLUSIONS 


30. Antimony introduced into 88 Cu-10 Sn-2 Zn and 88 Cu-8 Sn-4 Zn 


bronzes by the use of lower grade tin containing 1.5 per cent maximum 
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antimony, i.e., tin such as Texas Two Star, One Star, and Alloy Metal, had 
no deleterious effects upon the mechanical properties of the alloys, either at 
room temperatures or at elevated temperatures. 


31. Additional antimony in amounts up to 0.5 per cent of the alloy had no 
discernible effect on the common mechanical properties or on the microstruc- 
ture. Neither did 0.5 per cent antimony have any harmful effects on the 
casting characteristics of these bronzes. No increased tendency toward gassing 
or segregation was found. Tensile tests at elevated temperatures on these 
alloys extended only to 0.3 per cent antimony; tensile and yield strengths 
were little affected by the varying antimony contents. The elongation de- 
creased moderately between 0.0 and 0.15 per cent antimony at 200° F., but 
there was no marked difference in elongation of alloys containing 0.15 and 
0.30 per cent antimony. At 500° F. and above, the antimony content had no 
appreciable effect. 

32. Antimony added in amounts up to 0.5 per cent to 80 Cu-10 Sn-10 Pb 
alloy increased the hardness and resistance to deformation in compression, but 
did not influence other properties tested or the microstructure. 
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Disct SSION 


DISCUSSION 


Presiding: L. M. Lone, Leighton M. Long and Associates, Toledo, Ohio 

Co-Chairman: C. O. Tureme, H. Kramer & Co., Chicago. 

MemBER: Were any observations made on the impact strength of the alloy? It aowed 
an increase in hardness and the elongation remained the same. 

Mr. REICHELDERFER: No impact tests were made. 

G. M. THRASHER’: There was no test for pressure resistance. Were any density tests 
made? 

Mr. REICHELDERFER: No. The only thing we did along that line was to make micro- 
sopic examinations, and from the microstructures we believed the alloys to be pressure 
tight because they were not at all out of line with the microstructures of other bronzes 
This work was very limited in its scope. 

Co-CHAIRMAN THIEME: I would refer those interested in pressure testing to the paper 
by Gardner and Saeger* in which they have shown definitely that antimony has prac- 
tically no effect upon increase or decrease of pressure tightness of castings. 

MemBER: In what location were the hardness measurements taken? 

Mr. REICHELDERFER: The hardness measurements were taken in two places. The first 
thing done was to cut off the tensile bars. Then sections were cut from the bottom of 
the risers of the crown-type mold to check them to be sure that no excess porosity or any- 
thing of that type was present. The hardness measurements were made on both the 
risers and the ends of the tensile bars. 

MemBerR: They were consistent in each case? 

Mr. REICHELDERFER: Yes, they checked very closely. 

MemBer: We did some work on antimony in hronze alloys in 1936. We used 
85-5-5-5 alloy as a base and added 0.80 to 0.90 per cent antimony. The intricate 
castings poured from this alloy were subjected to a 1000-lb. water pressure test, and 
we were unable to find that the antimony had any effect on the physical properties of 
the metal. There are many grades of antimony and some of them might cause trouble. 
They come from different sources and they have different effects on different alloys. 

Mr. REICHELDERFER: The comments seem to confirm the point that these Texas tins 
can be used without fear of the effects of the antimony content. 

Co-CHAIRMAN THIEME: I would like to call attention to the fact that this work was 
done at the request of the War Production Board because of the critical shortage of 
tin in this country. 

It takes time to refine tin and ‘the losses are very high. The more impurities that 
can be left in the tin, the more can be produced in less time. It became a matter of 
expediency to produce less-pure tin if the tin could be utilized commercially. 


“IR, Lavin & Sons, Inc., Chicago. 
*Gardner, H. B., and r, C. M., Jr., “The Effect of Aluminum and Antimony on Certain 
Properties of Cast Red Brass.”’ Transactions, American Foundrymen’s Association, vol. 47, p. 423 (1939). 





Spectrographic Analysis of Iron and Steel 


By H. F. Kincam*, Rock IsLanp, ILL. 


Abstract 


To analyze fabricated iron and steel, a universal spectrographic tech- 
nique is needed. This requirement is fulfilled, quite satisfactorily, with 
a commercial grating spectrograph and the use of the flat surface 
method of sampling. This type of sampling adds to the flexibility of the 
spectrographic technique in that it will accommodate odd sizes and 
shapes of material to be inspected, and permits of non-destructive 
testing of finished parts. A successful commercial installation and its 
operation are described. Influence of length of preburn, humidity 
changes, size of sample, etc., on the accuracy of spectrographic analysis 
is discussed in detail with experimental data. The analytical procedure 
involves the use of a single iron reference line for the quantitative 
determination of manganese, chromium, nickel, molybdenum, vanadium, 
copper, aluminum, and silicon in steel. The same technique ts used for 
the quantitative determination of silicon and manganese in gray iron 
foundry control work and in the testing of miscellaneous castings. 
Tables illustrating the lines used, excitation conditions, developing 
procedure, and the accuracy to be expected of the quantitative determi- 
nations of five elements from a single spectrogram are presented. 


INTRODUCTION 


1. The use of the spectrograph as a practical inspection tool has been a 
subject of considerable discussion and has encouraged the preparation of this 
paper, describing an installation at the Farmall Works of the International 
Harvester Co. Operating conditions, results obtained and other details of a 
spectrographic installation that has been successful and trouble free, are dis 
cussed. 

2. A spectrograph was installed in the metallurgical laboratory to handle 
the large volume of ordnance work which had swelled the demand for steel 
and iron analysis beyond the capacity of the existing facilities. It was hoped 
when the installation was made that the machine would take over the analysis 
of all incoming steel forgings, steel castings, and bar stock, both plain carbon 
and alloy, control analysis for the plant’s four gray iron cupolas, and special 

*Spectrographer, Farmall Works, International Harvester Co, 


Notre: This paper was presented at a Session of gj rm for os. Metals at the 48th 
Annual Meeting, American Foundrymen’s Association, Buffalo, N. Y., April 26, 1 
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jobs such as qualitative work on non-ferrous and non-metallic analysis (with 


the understanding, of course, that carbon, sulphur, and phosphorus determi- 
nations would have to be run in the conventional manner). Within 3 weeks 
from the date of installation, these hopes for the most part were fulfilled, 
and within a month the spectrograph was the recognized analysis unit of the 
laboratory, operating, with few exceptions, as will now be described. 


EQUIPMENT 


3. The installation to be discussed includes a grating spectrograph’, high 
voltage spark source, densitometer, darkroom equipment, and other acces- 
sories. The spectograph operates over a wage-length range of 2150A to 4370A. 
The spark unit is of late design, with sealed condenser plates. The densitometer 
is equipped with an electronic voltage regulator and projection galvanometer. 
A special motor-driven cutter is used to prepare the tip of the carbon elec- 
trodes. Darkroom equipment includes a constant temperature, mechanically 
agitated tray holder for developing and fixing, and an infra-red film dryer. 

4. Power for the excitation unit is supplied by a 6'%4-kilovolt-ampere 
motor-generator set. An air conditioning unit supplies humidity and tempera- 
ture control. An electronic device, using a ray of light reflected between 
mirrors and a photo tube, protects the operator from coming in contact with 
the high tension current at the spark stand. A special electronic measuring 
instrument controls the exposure of the film. 


Frat SurFAce TECHNIQUE 


5. At the time the spectrograph was installed, the conventional ferrous 
sample for spectro-analysis was a rod or pin turned from the sample or cast, 
and used in pairs as electrodes. A non-ferrous metal producer had for some 
time successfully analyzed non-ferrous materials by the spectrographic method 
which employed a flat surface on the sample for the upper electrode’. F. G. 
Barker, Sheffield, England, used a similar method for ferrous materials*. C. L. 
Guettel, Rock Island Arsenal, had for more than 2 years applied this tech- 
nique to the analysis of steel. This successful operation proved to us that 
the spectrograph was a practical production tool, and our installation was 
built around the use of this sampling technique, with the addition of an 
adjustable-top table used to support large or odd-shaped specimens on the 
stand (Fig. 1). 

6. For gray iron cupola control, cast pencil-type specimens were tried, but 
it was difficult to produce pins of uniform structure throughout. A porous 
structure will cause preferential sparking around and within the pin itself. 
This condition seriously affected the intensity ratios. This difficulty was 

‘Manufacturers’ and trade names of equipment and products used may be obtained from the author. 


‘Churchill, H. V., and Churchill, J. R., Journat, Optical Society of America, vol. 31, p. 611 (1941). 
‘Barker, F. G., Journat, Iron and Steel Institute, no. 1, p. 228 (1939). 
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eliminated by the use of the flat surface technique. The gray iron samples 
are prepared for the spectrograph from the standard 1.2-in. test bar that is 
used for the physical tests. About a 2-in. length of this bar is cut off with a 
high speed cut-off wheel, which produces an ideal surface for spectrographic 
examination. The disk specimen mold would, in our opinion, be ideal for 
spectrographic samples if only chemical analysis were needed. 

7. The flat surface sparking technique allows analysis cf rough or finished 
parts, where determination of carbon, surphur, or phosphorus is not required, 
without drilling or mutilating the sample, since only the flat spot is required. 
Being non-destructive and very rapid, it is, in our opinion, the key to the use 
of the spectrograph as a practical inspection tool. 


OPERATION 


8. Castings, forgings, samples from bar stock, test specimens, or parts in 
any stage of manufacture are brought to the spectrographic laboratory for 
analysis. When a determination of carbon, sulphur, or phosphorus is neces- 
sary, drillings are taken and a conventional analysis run. A flat spot at least 
34-in. in diameter is then ground on the surface, and the sample is ready for 
the spectrograph. Conditions under which the spectrum is photographed and 
the film developed are shown in Table 1. 

9. The spectrograms are examined in the projection-densitometer to class- 
ify the sample as to chemical composition. Quantitative determinations of the 
desired elements then are made in the conventional manner, except for the 
use of the single internal standard line. With this technique, density of the 
iron lines (3205A in the case of steel, or 2880A in the case of gray iron) and 
densities of the element lines listed in Table 2 are taken. From these readings, 
percentages are calculated. The use of this single reference method shortens 
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Table 1 


CONDITION OF SPECTRUM EXCITATION AND FiLM DEVELOPMENT 


Operating Factors Materials and Units 
Light source High voltage ac. spark 
Upper electrode Steel sample 
Lower electrode Graphite 
Lower electrode tip Spherical end (1/16-in. radius) 
Gap spacing 3 mm. 
Secondary capacity 0.007 microfarad 
Inductance 0.182 millihenry 
Power 2/3-kilovolt-ampere 
Pre-spark 40 sec. 
| Cast Iron 10 sec. 
Exposure | Steel 15 sec. 
Slit width 62 microns 
Air blast pressure 0.5 Ib. on gauge 
Film Spectrum (no. | 
Developer 3 min. (D-19) 
Rinse bath Acetic acid solution 
Fixer X-ray fixer 
Dryer Infra-red lamp (1 min. 10 sec.) 


Table 2 
ELEMENT AND INTERNAL STANDARD LINES 


Internal* Standard Concentration 
Element Line Iron Line Material Ranges, Per Cent 
Manganese 3474.133 3205.4 Steel 0.35-2.00 
Chromium 2971.906 3205.4 Steel 0.20-1.80 
Nickel 3050.819 3205.4 Steel 0.20-3.75 
Molybdenum 3170.347 3205.4 Steel 0.10-1.00 
Silicon 2881.578 3205.4 Steel 0.10-0.60 
Aluminum 3082.155 3205.4 Steel 0.40-1.40 
Copper 3273.962 3205.4 Steel 0.05-0.20 
Vanadium 3110.706 3205.4 Steel 0.04-0.25 
Manganese 2933.063 2880.827 Cast Iron 0.30-1.00 
Silicon 2881.578 2880.827 Cast Iron 1.00-2.50 


the work of reading and calculating by about 40 per cent. In the case of gray 
iron, in order to get sufficient exposure time for accuracy and detection of 
elements of very low concentration, it was found necessary to reduce the 
intensity of the silicon, manganese, and iron lines used by means of a micro- 
scope cover glass as a filter over that portion of the film. 

10. The microscope cover glass is 0.097-in. thick and is held in place by a 
small, specially constructed frame which is hinged on a base that is securely 
fastened inside the camera. This filter may be placed in or out of the light 
path by turning the indicating dial on the end of a rod extended through the 


_—— 


*Wave lengths as given in Mass. Inst. Tech. wave-length tables. 
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camera case. This permits analysis of silicon from 0.05 per cent to 3.00 per cen; 
with the same excitation conditions. 

11. Rapid conversion of these line densities to percentage is made hy 
means of a calculating slide rule composed of projections of the gamma cure 
and of working curves of intensity ratio vs. concentration. Use of this slide 
rule eliminates handling of the large calculating board, which is used only to 
construct the curves from which the slide rule is prepared. . 


THE SAMPLE 


12. Investigations were carried out to determine the requirements for a 
suitable spectrographic sample. As previously stated, a flat, ground surface at 
least 3g-in. in diam. is required. No effect of the size of the sample was found 
in the tests which were run. A 334-in. alloy steel bar was cut in various lengths 
from 1-16-in. to 20-in., and spectrographic analysis was made of each piece. 
As a second test, a one-inch cube was cut from a 50-lb. forging, and a check 
was made on both the small and large sample. Similar tests were made with 
gray iron, and no effect of size was observed. The results of these tests are 
shown in Table 3. 

13. Large variations in the finish of the ground surface affect the intensity 
of the light from the spark, which results in uneven exposure of the film. This 
condition has been eliminated, almost entirely, by the use of the electronic 
exposure controller, which we have developed. This instrument will auto- 
matically vary the exposure time to compensate for any change in light in- 
tensity of the spark. The side of a 36-10 cut-off disk is used to grind the flat 
surface of most of our samples. Variations in exposures were encountered, 
even though the surface appeared to be uniform. Use of this photo tube con- 
trol, to maintain normal line densities, has proved very satisfactory. Typical 
results are shown in Table 4. 


PREBURN 


14. Errors in the analysis of high sulphur steels led to an investigation of 
the effect of length of preburn. Tests were run with preburn varying from 
zero to 60 sec. in 10-sec. steps, using high sulphur steel, alloy steels, and cast 
iron. Results are shown in Figs. 2, 3 and 4. Nickel, chromium, and molyb- 
denum were practically unaffected. Manganese showed a marked decrease in 
line intensity as preburn was lengthened, leveling off in the alloy steels after 
about 25 sec., whereas in the case of the high sulphur steel constancy was not 
reached for about 40 sec. This explains the erratic results obtained with high 
sulphur steels with only 20 sec. preburn, as used previous to these tests. Silicon 
and aluminum behave in the same manner, leveling off after about 20 sec. 

15. As a result of these tests, a preburn of 40 sec. was adopted, which 
resulted in better reproducibility and elimination of the troubles encountered 
with manganese in the presence of high sulphur. 
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Table 3 


EFFECT OF SIZE OF SAMPLE ON SPECTROGRAPHIC ANALYSIS 





aca 
Test Ne Sample Size Silicon Manganese Chromium Nickel 
1 /16 X 3%-in. rd. 0.42 , 0.25 0.30 
Y% X 3%-in. rd. 0.42 ' 0.27 0.31 
Vy X 3%-in. rd. 0.43 : 0.26 0.31 
20 X 3%-in. rd. 0.43 : 0.26 0.31 
Fifty-lb. forging 0.21 
One cu. in sample 
from forging 0.21 


Table 4 


COMPARISONS OF IRON LINE DENSITIES— 


CONSTANT AND CONTROLLED ExPosuRE 


Molybdenum 
0.11 
0.115 
0.11 
0.11 





a a 


Constant Time Light Measured Constant Time Light Measured 


38.5 35.0 51.5 
40.5 32.0 56.5 
47.0 34.8 63.5 
37.5 36.0 49.6 
36.5 33.6 43.2 
41.5 35.8 51.5 
42.6 34.8 59.5 
51.8 32.0 44.0 
39.0 34.0 39.5 


L@a@. RATIO 


ZECONDS PREBURN 


Fic, 2—Errecr or Time or Presurn on Line Intensity or Cast Iron. 


52.5 
55.0 
57.5 
54.4 
55.4 
52.4 
52.2 
54.2 
53.5 
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Am BLAstT 


16. The air blast used with the spectrographic set-up is shown in Fig. 5 
It consists of a pair of jets so arranged that the flame is blown directly away 
from the slit, in an attempt to prevent possible absorption phenomena. Varia. 
tions in the air blast, or too much air will cause erratic results. Velocity of air 
at the analytical gap of this unit is approximately 2500 ft. per min. . 
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Fic. 5—Arr Brast Equipment Usep 1n SpecrroGraPHic ANALYSIS. 


HummIitTy 


Attempts were made to determine the effect of changes in temperature 
and humidity on the results of spectrographic analysis. However, the air con- 
ditioning equipment is designed to maintain 76° F. and 50 per cent relative 
humidity, and it was not possible to maintain the extreme conditions desired. 
A temperature of 90 °F. and a relative humidity of 75 per cent were reached, 
but lack of balance at these conditions caused wide fluctuations of humidity 
which prevented accurate test results. 

18. However, some definite facts were established which proved the vital 
need for temperature and humidity contro] in the spectrographic laboratory. 
High humidity caused low line densities. Increasing the exposure time to cor- 
rect this tendency will not remedy the abnormally high intensity ratios which 
result, particularily with high element concentrations. Test results showing 
this effect are given in Table 5. 


VOLTAGE CONTROL 


19. Variations in the electrical characteristics of the analytical spark have 
a definite effect on spectrographic results. For this reason, it is necessary to 
control the voltage and power factor of the power supplied to the excitation 
unit as closely as possible. In our installation, excellent control is obtained 
through the use of a generator with capacity more than double the maximum 
requirements of the equipment. This generator is driven by a synchronous 
motor which prevents transmission of line voltage and power factor variation 
to the spectrographic equipment. 
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Table 5 


EFFECT OF VARIATIONS OF ATMOSPHERIC CONDITION OF ANALYsIs 
oF 1.80 Per Cent NIcKEL AND 0.68 Per Cent MANGANESE STEEL 


Relative 
Tempera- Humidity, Nickel, Manganese, 
ture, °F. Per Cent Exposure Per Cent* Per Cent* 
76 50 Normal 1.80 0.67 
85 75 Light 2.08 0.73 
85 75 Normal 1.95 0.73 


20. Use of the motor-generator eliminates a source of error in the results, 
and we feel that it is a definite factor in obtaining good reproducibility. 


REPRODUCIBILITY 


21. Each morning, standard samples of steel alloys and gray iron are run 
to check the working curves. Occasionally, spectrographic analysis of the 
standard varies from the known analysis, for reasons as yet unknown to us, and 
the corrections are made by moving the index points on the scales of the slide 
rule previously mentioned. 

22. In order to check the amount of this variation, a record was kept of 
the spectrographic results obtained on the daily check of the standards through 
a typical week, as calculated from the same scale without any correction. In 
our opinion, this was the most satisfactory test for reproducibility, since it 
included tests over a considerable period of time and employed only daily 
routine analysis. Results are summarized in Tables 6 to 9. 


SPEED AND ECONOMY 


23. Analysis by the method described in this paper is very rapid and inex- 
pensive. It is possible, under ideal conditions, for one operator to determine 
the percentages of five elements in each of nine samples of steel in 30 min, 
providing the samples have been previously prepared. Bulky samples require 
more handling time. Two operators working an 8-hr. day can prepare and 
analyze 50 to 75 samples, depending on the size and shape of the samples, and 
also prepare film processing solutions, check working curves, and take care of 
adjustments or other equipment maintenance. 


SUMMARY 


24. We should like to emphasize the value to us of the flat surface sparking 
technique. It has definitely made possible the use of our spectrograph as a suc- 
cessful routine analysis unit, and we feel that anyone not employing this method 
should investigate its possibilities. 





*Percentages shown are averages of 4 tests under each condition. 
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Table 6 
RepropuciBitity Tests, ALLoy STEEL 


Date of Analysis Test Molybdenum, Nickel, Chromium, Silicon, Manganese, 
Wet Analysis no. Per Cent Per Cent PerCent Per Cent Per Cent 
8-17-43 l 0.28 1.80 0.65 0.27 0.68 
Spectrographic Analysis 
8-17-43 .79 0.65 0.27 0.67 
82 0.65 0.29 0.69 
83 0.67 0.29 0.70 
83 0.65 0.29 0.69 
82 0.64 0.27 0.68 
76 0.63 0.27 0.69 
0.65 0.26 0.69 
82 0.63 0.26 0.69 
7 0.65 0.26 0.69 
84 0.63 0.26 0.66 
82 0.62 0.27 0.67 
76 0.65 0.27 0.68 
.78 0.63 0.26 0.69 
85 0.65 0.27 0.68 


0.28 
0.30 
0.29 
0.28 
0.28 
0.28 
0.28 
0.28 
0.28 
0.28 
0.27 
0.27 
0.28 
0.29 
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8-19-43 


NOU f OH 


Oe 
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Table 7 
RepropuciBitiry Tests, ALLoy STEEL 


Date of Analysis Test Molybdenum, Aluminum, Chromium, Silicon, Manganese, 
Wet Analysis no. Per Cent Per Cent PerCent Per Cent Per Cent 
8-17-43 1 0.18 0.96 1.13 0.19 0.48 
Spectrographic Analysis 
8-17-43 0.19 0.48 
0.19 0.49 
0.18 0.48 
0.18 0.48 
0.19 0.47 
0.19 0.48 
0.19 0.48 
0.20 0.50 
0.19 0.48 
0.20 0.51 
0.20 0.50 


0.18 0.99 
0.18 0.94 
0.17 0.94 
0.17 0.97 
0.17 0.98 
0.18 0.97 
0.19 0.93 
0.19 1.00 
0.18 0.96 
0.19 0.95 
0.19 0.94 
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25. The spectrograph has exceeded our hopes for accuracy, and we feel 
that the constancy of results is due primarily to three factors of control : 
Air conditioning, providing humidity and temperature con- 
trol in the spectrographic room. 
A constant-voltage power supply, provided by a large-capacity 
synchronous motor-driven generator. 


Use of sufficient preburn. 
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26. Speed and economy in our work with the spectograph has been greatly 
increased, without sacrifice of accuracy, by the following techniques: 


(1) Flat surface sparking. 


(2). Use of a single interna] standard line. 


(3) Calculations by means of a special slide rule. 


27: It is hoped that this paper will give confidence to those contemplating 


Table 8 


REPRODUCIBILITY TESTS ON Gray IRON 


Type of Analysi 
Wet analysis 


Spectrographic analysis 


Wet analysis 


Spectrographic analysis 


REprRopucIBILITY TEsts. IDENTICAL SAMPLES OF GRAY IRON 


Test 


no. 


Table 9 


Sample A* 


Test Silicon, Manganese, 
no. Per Cent Per Cent 
l 1.97 0.66 
4 2 1.86 0.60 
f ) 1.92 0.60 
iI ‘g 4 1.45 0.50 
5 1.92 0.74 
H ,. 6 2.10 0.62 
y 7 2.05 0.65 
8 1.95 0.67 
k 9 1.83 0.66 
t 


*Identical samples (A and B) were submitted to the laboratory as routine samples to check accuracy 
of analysis. 


ow > 


Silicon, Manganese, 
Per Cent 


1.95 
1.95 
2.00 
1.97 
1.92 
2.00 
1.93 
2.02 
1.93 
1.95 
1.95 
2.00 
2.45 
2.42 
2.47 
2.42 
2.50 
2.40 
2.46 
2.40 


Per Cent 
0.61 
0.59 
0.59 
0.58 
0.62 
0.62 
0.61 
0.62 
0.59 
0.61 
0.62 
0.60 
0.63 
0.63 
0.65 
0.63 
0.64 
0.63 
0.63 
0.65 


Sample B* 
Silicon, Manganese, 
Per Cent Per Cent 

1.97 0.64 
1.86 0.60 
1.95 0.60 
1.48 0.50 
1.93 0.72 
2.09 0.62 
2.09 0.63 
1.93 0.65 
1.83 0.65 
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epectrographic analysis, and also that it has brought out some points which 
may be helpful to others engaged in industrial spectrography. 
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DISCUSSION 


Presiding: C. O. Burcess, Union Carbide & Carbon Research Laboratories, Niagara 
Falls, N. Y. 

Co-Chairman: P. R. Irn1su, Bethlehem Steel Co., Bethlehem, Pa. 

Co-Chairman: R. M. Fowuer, Union Carbide & Carbon Research Laboratories, Niag- 
ara Falls, N. Y. 

Co-CHAIRMAN Ir1suH: Is the plate calibration scale the same scale as that on the eal- 
culating board? 

Mr. Kincarw: That is separate from the concentration scale. 

Co-CHAIRMAN IRIsH: What can be changed with that scale, the shape or the slope? 

Mr. Kincar: It is just a projection of the curve. 

Co-CHaIRMAN Ir1sH: Do you make that for every plate or film? 

Mr. Kincarip: We are using film, and we can run 800 ft. of film on the same scale. 

Co-CHAIRMAN Ir1isH: The scale is corrected if it is not the same? 

Mr. Kincamp: Yes. We usually make up a new scale. It is projected on paper and 
covered with Scotch tape. 

Co-CHAIRMAN IrisH: Is it true that in the higher ranges the analysis is acceptable 
because it generally falls in the central portion? 

Mr. Kincamp: Yes. 

Co-CuamRMAN IRISH: You said it gave you acceptable accuracy. Have you made any 
sandard deviation to determine what you would consider as being acceptable? 

Mr. Kincamp: Yes, it would be between 3 per cent and 4 per cent in most cases. 

S. F. Simpson’: You mentioned equipment for controlling density, to control fluctua- 
tions and density from similar examples, I presume. To what do you attribute those 
fluctuations ? 

Mr. Krvcaip: I could not give a satisfactory answer as to why we would experience 
changes in intensity of the light at the source, but it does occur, possibly due to the 
finish on the grinding. We do not try to standardize on any special grade of finish on 
our samples, and that does have an effect on the intensity of the light. A rough-ground 
surface will give a brighter light. We have experienced that. It probably is due to the 
fine projections of the rough surface. It vaporizes faster than it would on a finely pol- 


ished surface. That is probably the biggest factor in the change of the intensity of the 
light. 


* Chevrolet Motor Co.. Buffalo, N. Y. 
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Mr. Stimpson: Were different types of abrasives used for finishing? 

Mr. Kincaw: Most of the samples were prepared on the side of a 36-10* cutog dn 
We try to run most of the samples on the cutoff disc, but with a large sample it would 
be impossible to use that method. In that case, we sometimes use a belt sander Of 
course, we could use a finer abrasive, but we have found that our results are good even 
though the finish will vary on the surface. It is very important that a flat surface 
maintained. 

H. H. Grossman’*: What change in time is necessary to keep the same density? 

Mr. Kincaiw: In most cases we are running a 10-sec. exposure on steel, and we find, 
by observation, that it does not change more than 1/2 sec. on extreme, plus or minys 
1, sec. 

Mr. Grossman: As to the effect of variations of atmospheric conditions on analysis 
The standard must have been used only once. If used twice it would have ironed oyt 
the apparent change in composition. 

Mr. Kincam: We used the same standard and, also, we did not make any corrections 
for the different conditions. We have found that the change is in the condition of the 
excitation rather than in the film, because our conditions were changed so fast that jt 
would not have any effect on the film emulsion. The change was entirely in the excita. 
tion conditions. 

Mr. GrossMAn: It was not on one film? 

Mr. Kincam: Yes, part of the tests were on one film. We run four tests under nor. 
mal conditions on one part of the film, and four on extreme conditions of the high 
humidity on the same film. 

Mr. GrossMANn: Did you have separate emulsion calibrations on the two portions of 
the film? 

Mr. Kincarw: We are aware that we could operate under either of the conditions, 
but we are trying to bring out the effect of the humidity on the results if changes were 
encountered without making any corrections. 

T. S. Jackson’: Regarding the air jet, did you try having one air jet? 

Mr. Krincamw: Yes. We found that we experience greater deviation in exposures 
because it seemed to blow the flame off to one side. So we felt that if we could direct 
the stream of air directly away from the slit we could have a little more uniform light 

Co-CHairMAN IrisH: Do you plan to describe that timing circuit at some future date? 

Mr. Kincap: Yes. I would be glad to send the informaiton to anyone interested 


2 Harrison Radiator Div., General Motors Corp., Lockport, N. Y. 
3 Bethlehem Steel Co., Lackawanna, N. Y. 
*Trade names of equipment used may be obtained from the author. 





A Metallographic Quality Test for Malleable Iron 


By C. T. Eakrn* ano H. W. Lownre*, East Pittspurcu, Pa. 


Abstract 


There is an increasing use of malleable iron for more and more severe 
pplications, especially in heavy sections. Castings for such applications 
require more positive assurance that the critically stressed sections will 
withstand the service than do castings intended for normal applications. 
Microexamination is suggested, in addition to the methods normally 
employed, for making this assurance more complete. This paper refers 
particularly to the type of iron covered by A.S.T.M. Specification 
A-47-33, Grade 35018. The effect of the three microconstituents; 
primary graphite, primary cementite and pearlite upon the properties 
of the iron is described. A curve is given correlating the tensile strength 
and ductility of some heavy section malleable iron with the amount of 
primary graphite present in the microstructure. A chart consisting of 
photomicrographs of malleable iron containing primary graphite, 
arranged in the order of increasing amounts of this constituent, is sug- 
gested for use as a standard in rating other malleable irons. A similar 
photomicrographic chart is illustrated for rating malleable iron con- 
taining primary cementite. Rating of iron containing pearlite is pro- 
posed on the basis of the percentage of pearlite present in the polished 
face of the specimen. A practical sampling and laboratory procedure 


for making the test is outlined. 


|. There has been a marked tendency during recent months toward the 
ue of malleable iron castings for increasingly exacting applications where 
srength, ductility, shock resistance and dependability are of prime importance. 
ombined with this there has been a trend in some industrial fields toward 
he use of malleable iron in castings of large and relatively heavy sections. 
Castings for such specialized applications naturally require mere positive 
asurance that the critically stressed sections will withstand the service than 
do castings intended for the more normal applications. In addition to the 
nethods normally employed in determining the quality of the metal, micro- 
xamination is suggested as a means for making this assurance more complete. 
, *Westinghouse Electric & Mfg. Co. 


Nore: This paper was presented at a Malleable Iron Founding Session of the 48th Annual Meeting, 
trian Foundrymen’s Association, Buffalo, N. Y., April 26, 1944. 
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Definition 


MALLeaBLe TRON METALLOGRAPHIC Tye 


MALLEABLE IRON 


2. For the purpose of definition, the term “malleable iron” as used here 
refers to completely annealed white iron free from primary graphite, pearlite 
and primary cementite and conforming to A.S.T.M. Specification A-47.33, 
Grade 35018. There are, of course, other types of malleable iron such " 
“alloy malleable” and “pearlitic malleable” which are definitely useful, hy 
it is the intention to confine this paper to the type described. 


Some Factors Affecting Quality 


3. The quality of malleable iron is adversely affected by the presence oj 
one or more of the microconstituents; primary graphite, pearlite, and pni- 
mary cementite. 

4. Primary graphite consists of flake graphite which forms during solidi- 
fication of the metal. This constituent is most likely to be found in heaw 
sections, as the cooling rates of such sections allow more time for its formation 
These flakes reduce the effective section and thus have a deleterious effect 
upon the strength, ductility, and shock resistance of the metal. Once it has 
formed, primary graphite can not be eliminated from the castings. 

5. Pearlite normally is the result of failure of the iron to respond con- 
pletely to the annealing treatment. It is harder and less ductile than the normal 
ferritic structure and, consequently, impairs ductility, shock resistance and 
machinability. 

6. Undecomposed primary cementite, also the result of unsuccessful an- 
nealing, is an extremely hard constituent. Its chief effect is to dull the 
cutting tool and, to some extent, reduce the ductility and shock resistance of 
the iron. In general, assuming correct composition and practice, both pearlite 
and primary cementite can be eliminated by reannealing. 


Effect of Primary Graphite 


7. In the microexamination of malleable iron castings for primary graphite 
it is found, as might be expected, that this constituent may be present in 
amounts varying from none to that of a typical gray iron structure. The 
problem of determining the seriousness of the presence of small amounts of 
primary graphite and other microconstituents in malleable iron led to the 
development of the micrographic test method about to be described. 

8. Examinations of the microstructure of tensile test specimens cut from a 
number of castings (of approximately one-in. section thickness) containing 
primary graphite have verified that the amount and distribution of this con- 
stituent is closely related to both the strength and ductility of the metal. This 
effect is illustrated in Fig. 1 in which tensile properties are compared with 
rating numbers indicating varying amounts of primary graphite. The rating 
numbers refer to corresponding photomicrographs in the series shown in Fig 2 
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Fic. \—Errecr or Primary GrapHrre ON TENSILE Properties or Some Heavy Secrion MALieasie Iron 
CastTINGcs 


Photomicrographic Standards 


9. The results of the foregoing work suggested that photomicrographs of 
the structures of malleable irons containing primary graphite, arranged in the 
order of increasing amounts, may be used as standards for rating other irons. 
Figure 2, showing such a series, was developed as the result of the correlation 
of primary graphite with tensile properties of a considerable number of cast- 
ings. These photomicrographs are shown in oblique illumination (dark field) 
at a magnification of 8 diameters for ease of direct comparison with the 
specimen. 

10. The photomicrographs in Fig. 3 “A” illustrate the relative appearance 
of the specimen shown in rating no. 3 of Fig. 2 under both bright and dark 
held illumination at 8 diameters. Figure 3“B” illustrates a section of the 
area shown in “A” (indicated by the circle) in both bright and dark field 
illumination at a magnification of 25 diameters. 

ll. In addition to the determination of the primary graphite rating, the 
same specimen may be examined for the possible presence of primary 
cementite and rated by comparison with standard photomicrographs such as 
are illustrated in Fig. 4. 

12. The amount of pearlite is conveniently expressed as a percentage- of 
the specimen area as shown in Fig. 5. The polished face of this specimen is 
estimated to consist of 35 per cent pearlite. No attempt has been made to 
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correlate the effect of different percentages of pearlite with the strength and 
ductility of the iron because it is felt that such a correlation more proper!\ 
belongs in the field of pearlitic malleable and hence is beyond the scope of 
this work. 

13. Evaluation of metals by means of photographic standards is by no 
means a new method. Notable examples of this method are the charts used 
by the steel industry for rating austenitic grain-size and for rating the inclu- 
sion content of steel, and by the gray iron industry for evaluating the micro- 
structure of graphite in gray iron. 


Sampling 


14. In selecting the location in a casting from which the sample is to be 
taken, it is important to bear two factors in mind; (1) sections to be subjected 
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Fic, 2—PuoromicroGrarHic CHart For RATING OF MALLEABLE IRoN ConTAINING Primary GRAPHITE. 
Dark Fretp, Unetcuep. Macnirication X8. 


to high stress, and (2) relative solidification rates of the various sections of 
the casting. As indicated previously, primary graphite is most likely to be 
found in sections of slowest solidification rate: This generally is in the 
heaviest sections, but may be in a lighter section where the tendency for the 
formation of primary graphite has been intensified by prolonged solidification 
time due to adjacent heavy sections, proximity to gates, or by other factors. 

15. Sampling for metallographic examination is greatly facilitated by the 
use of a small core drill such as is shown in Fig. 6. In most cases, the use of 
this type of drill permits sampling without impairing the casting for the 
intended service as a sample of convenient size can be drilled from a section 
that is lightly stressed or subsequently machined off but which is still repre- 
entative of the highly stressed portions of the casting. The use of such a 
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drill was described in consideralbe detail in Metal Progress for August. 1949 ' 
16. The size of the core-drilled sample for microexamination may yary 

considerably. A diameter of 3/16 in. is quite satisfactory. Its length should 

be governed by the thickness of the casting. The drilling should extend 

through at least two-thirds of the casting thickness and preferably entirely 


through. , 


Laboratory Procedure \ 


17. The core-drilled samples are conveniently mounted in plastic (Fig, 6 
and polished metallographically. In the illustrated mounting, four samples 
are mounted side by side. The unetched polished specimen is examined fo; 


imary graphite by means of a binocular microscope at a magnification of 
ee £ n of 





B 


; Fic. 3—A—APPEARANCE OF THE StruUCTURE SHOWN IN RatinG No. 3, Fic. 2, Unper Born BricHt AND 
Dark Frevp Ittumination at Maonirication X8. B—Area ENcLosep sy THe Circucar Line (A) ™ 
MacniricaTion X25. 
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Fic, 4—PxoromicrocrarHic Cuart ror Ratinc MALLEABLE Iron ConTAINING Primary CementiTe. NITAL 
ErcHep, Maonirication X100. Ratiwo A—No Primary Cementite. Ratinc B—Smatt Amount or 


Primary CEMENTITE Ratinc C—ConsiperasLe Amount or Primary CEMENTITE 
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Fic. 5—PuHotromicroGRaPH SHOWING MALLEABLE Iron ContTaininc Asout 35 Per Cenr Pearuite. Nital 
ErcuHep. Maonirication X100. 


8 diameters. This permits a full view of the polished face of the specimen 
and facilitates its direct comparison with the standard at the same magnifi- 
cation. At times, a higher magnification may be desirable for a more detailed 
study of certain structures. 

18. After determination of the primary graphite rating, the specimen may 
be lightly etched in nital and examined at 100 diameters for detection of the 
possible presence of undecomposed primary cementite. This constituent may 
be rated by comparison with the amounts shown in Fig. 4 in a manner similar 
to that described for primary graphite except that the specimen is viewed by 
means of a metallographic instead of a binocular microscope. 

19. The same specimen then may be given a somewhat deeper etch in 
nital and examined for the possible presence of pearlite and the iron rated in 
terms of percentage of pearlite in the polished face of the specimen. A magni- 
fication of 100 diameters usually is satisfactory for this operation. 

20. Simultaneously with the determination of the above ratings, the pres- 
ence of any other unusual conditions, such as a pearlitic layer, unusual size 
or distribution of graphite nodules, etc., should be noted. 

21. After determination of the ratings as described, the results may be 
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recorded in some such manner as shown in Table I. The data thus obtained 
may be used to augment the results of other tests in determining the suitability 
of the casting for the intended application. 

22. It is not the intention of the authors to convey the impression that any 


considerable proportion of the malleable iron being produced contains the 


Table 1 


TypicaL LABORATORY REPORT ForM FOR METALLOGRAPHIC EXAMINATION OF 
MALLEABLE [RON CASTINGS 


Primary Graphite Pearlite, Cementite 
Sample Micro No. Rating Per Cent Rating Remarks 
11G 6529-1 0 A 
12G ? 0 A 
13G y : A 


14G 
15G 
16G 


Draitt Assemety ror Ostaintnc SAMPLES FOR MICROEXAMINATION, AND SampLes Mounrap 
IN Prastic. 





270 MALLEABLE IRON METALLOGRAPHIC Tgs7 


microconstituents mentioned above. The aim is rather to suggest a method 
by which their absence can be verified and, if present, provide a method by 
which some evaluation can be placed upon their effect upon the properties 
of the casting. 


Summary 


23. Attention is called to the tendency to specify malleable iron for increas- 
ingly exacting applications, especially in heavy sections, and to the importance 
of the quality of the metal in the stressed sections of castings to be used for 
specialized applications. 

24. Primary graphite, primary cementite and pearlite are shown to impair 
the properties of malleable iron. A method for evaluating the quality of the 
iron in terms of the amounts of these constituents present by means of photo- 
micrographic standards is presented. 

25. Some possibilities of non-destructive micro-sampling by means of a 
core drill are described. 
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DISCUSSION 


Presiding: A. M. Futon, Northern Malleable Iron Co., St. Paul, Minn. 
Co-Chairman: Frep L. Wo tr, Ross-Tacony Crucible Co., Tacony, Philadelphia, Pa. 
M. E. McKinney’: What etching solution was used to bring out the primary 


cementite ? 

Mr. Eakin: Nital was used. We find this etchant satisfactory. 

Mr. McKinney: Will Nital distinguish the cementite from pearlite ? 

Mr. Eakin: Nital brings out the outline of cementite in ferritic areas and readily 
distinguishes between pearlite and cementite. 

Mr. McKinney: It will not give the difference in color, though. 

Mr. Eakin: No, it does not give a difference in color that a picric acid or some of 
the other etching reagents do. As a matter of fact, primary cementite can be seen on 
the polished specimen without an etch. A light Nital etch renders it somewhat more 
easily visible. Our laboratory uses it, I think, because they use the same reagent for a 
longer time to bring out the pearlite, thus obviating the need for more than one etchant. 

D. Levinson?: Have you made any observations of the distribution of the carbon 
nodules in the specimen? I made a specimen test bar that failed, and the only thing I 
could attribute the failure to was the distribution of carbon nodules. I did find a row 
of about seven carbon nodules that were absolutely straight-lined and evenly spaced. 
Have you had any findings on anything like that? 

Mr. Lownie: No, we did not pay particular attention to the distribution of the carbon 
nodules. Our interest was confined mainly to the graphite flakes. 

J. H. Lansinc*: The authors should be complimented on the very excellent and 
interesting work that they have done. For one thing, they have supplied an answer to 
the question about some method of showing that only ferrite and temper carbon are 
present in a casting. This is one method that might be used. 

Also, they brought out some interesting figures with regard to values obtained when 
no primary graphite is present, bearing in mind the fact that these are all from heavy- 
section castings. In the case of the castings having no primary graphite, they brought 
out that they had 37,000 psi. yield strength and 53,000 psi. ultimate strength, which 
was quite excellent from a machined sample. 

W. D. McMrian*: I would like to confirm what Mr. Lansing has said. I believe that 
this is a start in the right direction on some method of controlling and evaluating an 
anneal. We need that. I assume, though, that the tensile results were certainly not 
obtained on a 3/16- or 5/16-in. piece drilled out with a core drill. Were those specimens 
actually cast test bars or were they cut from a casting? 

Mr. Eakin: The tensile test samples were cut from castings except for rating No. 1, 
which was an A.S.T.M. cast-to-size test bar. The core drill samples were taken first. We 
then located the middle part of the parallel section of the tensile test specimen right 
alongside where the core drill sample had been taken. 

Mr. McMiLian: They were 0.505-in. test bars? 

Mr. Eakin: Yes, they were standard machined A.S.T.M. 0.505-in. tensile test bar 
specimens. 

Mr. McMiiian: They are good castings when you can get those yields, the ultimate 
and the elongation. Usually, there is a loss in tensile strength, when the test specimens 
are cut from the castings, as compared to what is obtained from a cast test bar. 

[ have done some work with respect to the amount of primary graphite that can be 
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tolerated without beginning to affect yield strengths, and I have looked at specimens 
that had an area of one sq. mm. The magnification and the objective of the eye Piece 
were such that I was looking at one sq. mm. Under those conditions, when we get any 
number of primary graphite spots up to seven we find the tensile strength unaffected, 
Beyond that number, properties get appreciably worse. Beyond about 25 points or Spots, 
the yields were such as to indicate worthless castings. 

Mr. Lownie: Many applications require castings that are much heavier in section 
than would normally be used and they sometimes demand positive assurance of freedom 
from primary graphite. When we receive a shipment of these castings, we usually cap 
not cut tensile test bars from them and still use the castings, so this method was 
developed in order to give us a rapid and direct check. The design engineer decides how 
many castings are to be tested from each shipmnt ; whether it is to be 100 per cent, 25 
per cent, and so on. 

Just to give an idea of how much work is entailed to make the test; our inspection 
department provides the laboratory with the core drilled samples. The laboratory work 
usually is turned over to one of the technicians. A girl, who had not done any of this 
work up to 6 months ago, can mount, polish and report for primary graphite about 30 
samples in 4 hours. We figure that these operations cost us about 30c per sample. If we 
include examination for cementite and pearlite, the cost is approximately doubled, but 
even then it is an inexpensive and easy examination to make. 

Mr. McMittan: It is a user’s“test rather than a producer’s test? 

Mr. Lownie: Yes. We are doing it mainly to see what we are getting. We are not 
rejecting castings on it that would not be rejected on a conventional test, but these 
heavy-sectioned castings present a problem. We wanted a way so that we could test a 
particular casting by finding out the worst condition of graphite in it. 

Regarding the core drill (Fig. 6), it may be asked why we have that centering device. 
That is because we use a portable electric drill. In other words, we bring the drill up 
to the casting. If we do not use a centering device, it is difficult to start the drill in the 
exact location desired. 

Mr. McKinney: Is the size of section and weight of casting correlated with the 
carbon-silicon analysis of the iron that is being used? 

Mr. Lownie: I do not think we can give you that very well. We do not ask the 
supplier for so much carbon and silicon; we ask him to control primary graphite. In 
others words, we buy, for example, to the A.S.T.M. A47-33, Grade 35018 specification, 
and then we make the supplementary test in our own shop. We do not produce 
malleable iron; we are consumers. 

Mr. Eakin: I think that on the heavy castings, they use about 1 per cent silicon and 
very close to 2 per cent carbon. 

Mr. McKinney: No more than 2 per cent? 

Mr. Eakin: Some of those castings weigh 300 or 400 lb. and have comparatively 
heavy sections. In some few cases where we have analyzed, the carbon ran about 
2 per cent. 

Mr. McKinney: Did you analyze the annealed or the un-annealed iron? 

Mr. Eakin: The annealed iron. 

Messrs. EAKIN AND Lownte (authors’ closure): The authors appreciate the contri- 
butions made in this discussion by Messrs. Lansing, McMillan and others. We are glad to 
know that the industry is giving serious consideration to this problem. There are, of 
course, other methods of approach than that described in this paper. 








